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Chapter 1

An Introduction to PaCaml

PaCamlis a game programming language which facilitates dbsign of elements in
PAC-MAN scene, such as maps, characters, itemsyamdng conditions. It is designed
especially for those who have wished to be a “Godthe world of Pac-Man. PaCaml

helps recall a generations of 1980’s of the besheif childhood memories.

1.1Background

PAC-MAN is an arcade game immensely popular sirtseoriginal release and is
considered as an icon of 1980’s popular culture [tthas made a great impact on a
generation of people and is still appealing toghblic for today [2]. However, the game
scenes of each stage, the size of the map, wirmaindition and the number of ghosts, etc.
in PAC-MAN is all pre-designed and players are Uaab create or change them. It
could be a great fun if the players can design &RAAN based on their own favorite.
Therefore, we introduce PaCaml, a PAC-MAN game giesanguage, which enables
users to create their favorite scenes and desigiiewér they like to make PAC-MAN

more interesting.

1.2Description

The language PaCaml (PAC-MAN + Ocaml) is developsithg Ocaml language. It is
text-based and java like but has its own primitivBse language has a ‘main’ function
like C and each statement ends with a semicoloa.bEsic idea and rules in PAC-MAN
will not be changed. However, the language allossrsito design mazes, nhumber and
distribution of eating-dots, number and speed efghosts, location of the power pellets,
figure of each character, etc. Users can alsgddbie condition of scoring and set the

winning condition using the language.



1.3Features
Simple

We aim to design a language which can be fast asillydearned by users. As most of
programmers today have dealt with Java, we desaftafl and make it very similar to
Java in syntax and expressions. We omit some gpts twhich are not necessary in
PaCaml such as any floating point related types]dam, etc. We also add some game
related functions like setMap, setPlayer which miéleelanguage easy to program.

Object-oriented

PaCaml inherits the technique of object-orientesigiefrom Java which focuses on the
data (objects) and on the interfaces to it.

Statically-scoped

PaCaml is statically-scoped which means that thdr@mment in PaCaml which is
extended (and becomes current) when a procedwadlesl is the environment in which
the procedure was created.

Applicative-ordered
PaCaml uses applicative-order during the evaluation
Robust

As we have said, the programmer will be the “Gadthe world of Pac-Man, which
means they can design the Pac-Man as they wishs dse able to design the strategy of
the ghosts, color of characters, etc.

Interesting

Our goal is to make Pac-Man programming as inteig@sas possible. Unlike other
languages which might be tedious during programmirgCaml is designed to be
friendly interacted with programmers.

1.4A Quick Look at PaCaml Code

int main()

{
/* create a barrier, a ghost, and add them to the map */
point p;
player pacman;



item bar;
item ghost;

// add a barrier

p = getAvailablePoint();
bar.i_type = _BARRIER;
bar.i_point = p;
addBarrier(bar);

// add a ghost

p = getAvailablePoint();
ghost.i_type = _GHOST;
ghost.i_point = p;
addBarrier(ghost);

//randomly choose a point
//set type

//set location

//add to the map

//randomly choose a point
//set type

//set location

//add to the map

/* create a player of this game */

pacman.p_point = getAvailablePoint(); //randomly choose a point

setPlayer(pac);



Chapter 2

Language Tutorial

PaCaml is a simple game programming language withdf funs. Users probably don’t
need too much time learning PaCaml if they are famwith modern programming
languages like Java or C, as PaCaml shares maogneentions with those languages.
This chapter will provide users with some key feasuin creating and designing an
interesting Pac-man game.

2.1Sample Program

/* Recursive function for computing the Fibonacci numbers */

int fib( int x )

{
if (x < 2)
{
return 1;
}
else
{
return fib(x-1) + fib(x-2);
}
}

/* TIterative function for computing the Greatest Denominator between two
integers */

int gcd(int a, int b)
while (a != b)
{
if(a > b)

a=a - b;

return a;




/* The main function that is called initially whenever the program is executed

*/

item createltem( int type, int x, int y)
{

item i;

point p;

p.X = X;

P.y =Y;

i.i_type = type;

i.i_point = p;

return i;

}

void main()

{
player pacman;
item ghost1l;
item barrierl;
item giftil;

// initiate a pacman
pacman.p_point = getAvailablePoint();
setPlayer(pacman);

// initiate a ghost
ghostl = createItem(_GHOST, 5, 5);
addGhost(ghostl);

// initiate a barrier
barrierl = createItem(_BARRIER, 8 , 8);
addBarrier(barrierl);

// initiate a gift
giftl = createItem(_GIFT, 8 , 9 );
addGift(giftl);

play();

This section gives a tutorial of how to use PaCaml.

2.2How to Compile and Run the Sample Program

® If you are using Linux like Ubuntu, simply run tterminal window. Ocaml package
Is required to run PaCaml, please typedé apt-get install ocaml” to download
and install the package.

® LabIGL library is also required for running the ganPlease typestiido apt-get

install liblablgl-ocaml-dev” for installation.
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Type “make” in the source directory to compile the samplegoam.

Open a plain text editor and paste the above saomgle into it. Save the file with

the file name “sample.pacaml” under the same dirgcPlease notify that “.pacaml”

is the suffix required for the PaCaml source file.

® Run the sample program by typing/pacmal < sample.pacaml”

2.3How to Write a PaCaml Source File

All PaCaml code requires adin” function to call other defined or built-in funotis and

also establish logics and iterationgsain” function usually has a type of6id” which

means the function doesn’t return any result.

PaCaml is designed to be the java-like languadeeritages most of the features found

in Java. 7/” denotes the single line comment angk..*/” denotes the comment

enclosed. ¥” is used to end the statement. Blocks of statesnam placed in{..}".

Besides some common types likent”, “string”, PaCaml has four game specified

types (Map, Item, Point, Player).

Type Properties
Map Map is the abstract container of \game, including player and items. In ot
words, it is the world of Pi-Man.
ltem Roles accessed through the data type Item aregyluifs, and barriet
Basic properties contained in an item are locationl, image. Other importa
properties incluc type (i.e., type of the object, such as ghost, gifd barrier),
effect (which changes the status of PacMan), spsatlis, move functiol
escape function, move counter, and maximum of ncouater
et Point is a 2D geometry concept, with two coinents, x, and y, which together
depict the position of a player’s or an iter
Player Properties are defined in Player, including posit&peed, status (normal, de

invincible, slow, fast, and fighting, and the val@maining time of the curre
status (0 means forev.




An easy way to play with PaCaml is to use the hailtunctions. The following table

lists all the built-in functions in PaCaml.

Built-in Functions

Effect

main

setPlayel

addGhost

addBarrier
addGift
getMapWidth
getMapHeight
getMapltemName
isPointAvailable

getAvailablePoint

Call other defined or bu-in functions and also establislogics anc
iterations.

Move the player to a new point in the map. If tlenpis used, retur
error. The default status of player: speed: 5, mademal, color: (1.0,
1.0, 0.0)(yellow)

Add a ghost onto a point in the map. If the [t is used, return errc
The default status of ghost: speed: 5, mode: eady;: random
Construct barrier in the map. If the point is usediirn errol

Add a new gift onto a point in the map. If the gagused, return errc
Return the width of current ma

Return the height of current m

Return an item on a specific location, or nulhiéte is no iten

Check if the point of the current map is availa

Return 1 if the point is available, or O if thisipohas been assigned to
another item.

Return one randomly chosen available point, or ifulthere is nc
available point on this map.

print Print a string on standard outf Print(point) will return the coordina
of the point
play Command to run the gai

PaCaml provides a short-cut for game design. Gaipestand game levels are pre-
defined in type of item in PaCaml for users so tie#rs can easily set the mode and give
the item its type. However, users are also abtiefme the type and level themselves.

Game types are defined in type of item in PaCaml.

Game Type Effect
_GHOST Item type set to “ghos
_BARRIER Item type set to “barrie
_GIFT Item type set to “gift
Game levels are defined in type of item in PaCaml.
Gamelevel Effect
_EASY Easy mod for ghos
_NORMAL Normal mod for ghos
_HARD Hard mod for ghos

_GIFT_SPEEDUP

_GIFT_SLOWDOWN

_GIFT_KILLER

_GIFT_SCORE

Pac-Man will be speeded up after eating the

Pac-Man will beslowed down after eating the

Pac-Man will be given the power of eating ghosts aftating the
gift

Score will be gained after F-Man eating the gi




A sample code is given below for tutorial:

// define type of item
item createltem( int type, int level, int x, int y)
{

item i;

point p;

p.X = X;
y =y;
i_type = type;
.level = level;
.i_point = p;
return i;

P
i
i
i

}

void main() {

//pre-define player, item ghostl and giftl
player pacman;
item ghostl;
item gifti;

//set player and place it on any available point on the map
pacman.p_point = getAvailablePoint();
setPlayer(pacman);

// add a ghost to point (5,5) and set its mode to “hard”
ghostl = createItem(_GHOST, _HARD, 5, 5);
addGhost(ghostl);

// add a gift to point (8, 9) and set its function to “speed up”
giftl = createItem(_GIFT, _GIFT_SPEEDUP, 8 , 9 );
addGift(giftl);

// add barrier
addBarrier(6, 5);
addBarrier(7, 5);

play();

2.40ther Functionalities

2.4.1 Functions

int plus( int a, int b )




{
return a + b;
}
int minus( int a, int b)
{
return a - b;
}
void main()
{
print(plus( 1, 2 ));
print(minus( 1, 2 ));
}

The above program shows how the function is defime&aCaml. Here we have
defined two functions “plus” and “minus” which exge the corresponding
mathematical operations respectively.

2.4.2 Arithmetic Functionality

/* Test the integer arithmetic functionality*
void main(Q)

//Test point arithmetic

point pl;
point p2;
pl.x = 4,
pl.y = 3;
p2.x = 1;
p2.y = 2;

print("Plus™);
print(pl+p2);
print("Minus");
print(pl-p2);

print("Multiply™);
print(pl*p2);

print("Divide™);
print(pl/p2);

//Test integer arithmetic
print("Integer");

print( 1 + 5 );
print( 5 -
print( 4 *
print( 1
print( 5 %

/
//0rder of
print( 1 +
print( ( 1

2 );
2 );
2 );
3);
perations with integer arithmetic

(o] ation
2='=3+ );
+2)*(3+4));




The above program shows the arithmetic functiopatitPaCaml. Users can try the
program to check the results. As PaCaml doesn’t lilmating type, decimal values
are not supported in the calculation. Only integeesreturned.

2.4.3 Assignment

/* Test the functionality of assignment */
void main()

int a;
int b;
int c;
point p;
a = 1;

//Assigning variables
print(a);
print(b=a);

//Assigning members
p.x = 6;

p.y = 2;
print(p.x);
print(p.y);

//Successive assignment

print(a = b =c = p.x = p.y = 13);
print(a);

print(b);

print(c);

print(p.x);

print(p.y);

//Testing additional assignment operators
print(a += 1);
print(a++); //++ is equivalent to x += 1;
print(a -= ;
print(a--); //-- is equivalent to x -= 1;
print(a *= 10);

! print(a /= 2);

The above program shows the assignment functignialiPaCaml. Users can try the
program to check the results. Assignment is mairdgd when placing points in
PaCaml.

2.4.4 Recursive

/* Test recursive */
int fib( int x )

}f (x < 2)
return 1;
else

{
return fib(x-1) + fib(x-2);

10



void main()

print(fib(0));
print(fib(1));
print(fib(2));
print(fib(3));
print(fib(4));
print(fib(5));

}

The above program shows the recursive function@iitifaCaml. Users can try the
program to check the results.

2.45 Loop

/% Testing the for statement in m. */
void main()

int i;

for( i =0; i < 10; i++)

print(i);

/= Test the whiTe statement. *
void main()

1nt 1

?h11e( i< 10 )

print(i);
T++;

The above programs show the loop functionality aC&ml. The first program is the
“for” loop and the second one is the “while” lodgsers can try the program to check
the results.

2.4.6 Logic

/* Test the Togic functionality */
void main()

print("NOT"),

print( !(1==1) );

print( !'(1==2) );

print("AND");
print( (1==1) && (1==1) ); // ( true && true)

11



I
I
I
I
print("NotEqual");
print( 1 != 2 );
print( 1 !'=1 );
print("less");
print( 1 < 2 )
print( 2 <1 );
print("LessEqu
print( 1 <= 2
print( 1 <=1
1
e

1;

NN Q-

print( 2 <= ;
print("Greater");
print( 1 > 2 );
print( 2 > 1 );
print("GreatereEqual");
print( 1 >= 2 );
print( 1 >= ;
print( 2 >=

print("order");
print( !'(1==1) ||

_ (1==1) );
print( ' (1==1) [] (I==1) ) J;

print( (1==1) && (1==2) ); // ( true && false)
print( (1==2) && (1==1) ); // ( false && true)
print( (1==2) && (1==2) ); // ( false && false)
print("orR");

print( (1==1) || (1==1) ); // (C true || true)
print( (1==1) || (1==2) ); // (C true || false)
print( (1==2) || (1==1) ); // (C false || true)
print( (1==2) || (1==2) ); // ( false || false)

The above program shows the logic functionalityPaCaml. PaCaml supports all the

logics defined in Java. Users can try the progm@icheck the results.

2.4.7 Condition

/* Test the if statement *
void main()
if(D)
{ .
print( 0 );
if(0)
{ .
print( 1 );
else
{ .
print( 2 );
}

The above program shows the condition functionatitfaCaml. Users can try the

program to check the results.

12




Chapter 3

Language Reference Manual

3.1Lexical conventions

3.1.1 Comments
A block of comment in PaCaml is delimited b4*™ and ™ /". Single-line specific

format, i.e., 7/", is also provided. Identifying a comment blockaison-greedy
operation. In other words, the first/" found after 7 *” terminates the comment
block.

No other constraint is given, considering characéerd positions of comments.

Example:

Single-Lline comment:

// This line is not parsed by the interpreter

Block of comment:
/* These lines
are not to be parsed by

the PaCaml interpreter */

3.1.2 Naming
(1) Variable names are case-sensitive. A variabkse can be any legal identifier —

an unlimited-length sequence of Unicode lettersdigils, beginning with a letter or

the underscore character "
(2) Subsequent characters may be letters, digitsnderscore characters.
(3) No duplicate names are allowed in the fieldsuding variables and functions.

(4) Keywords (defined in 2.3) are reserved.

13



3.1.3 Keywords

Keywords are reserved identifiers. The following #re keywords in PaCaml:
int, char, string, Map, Player, Item, Barrier, G@&host, Color

return, continue, break, if, else, do, while, for

pre-defined functions

3.2Data Types
Two groups of data types are defined in PaCammiBvie data types include integer,
character, string, and etc. Game specific datastypesude map, item, and etc. These

two groups are introduced in section 3.1 and se@&i@ respectively.

PaCaml is statically-typed, which means that alialdes must first be declared
before they can be used.

3.2.1 Primitive Data Types
(1) Integer (int)

The int data type is a 32-bit signed numeric variBiegative numbers are
signified by the minus sign-(), while no white space is allowed between the

minus sign and the integral number.

Please notice that a point'{'is prohibited in integer declaration, even i tralue
equals to an integer. In other words, 1 is a ldgalaration while 1.0 and 1. are
illegal. Default value given to an uninitializedriable is O.

Examples:
0, 2, 256, -102
int a;
a = 10;

In addition to numeric variant, an integer can beduas a presentation of a
Boolean value. As convention, 1 stands for true@fat null) stands for false.

14



Example:

int flag;
flag = 1;
if (flag) { .. }

3.2.2 Derived Data Types
(1)String

Array of characters is denoted as string. It israaf by double quotes ™.

Example:
ﬂ'abcd)), “aAbB”

Declaration:
String str;
str = “abcd”;

3.2.3 Game-specific Types
(I)Map

Map is the abstract container of the game, inclyigilayer and items. In other
words, it is the world of Pac-Man.

(2) Player
Pac-Man is the only object accessed through thetgipe Player.

Properties are defined in Player, including loaatgpeed, status (normal, dead,
invincible, slow, and fast, and the valid remainiimge of the current status (0
means forever). However, users are only allowesktdhe value of a player’s

location.

Example:
player pacman;
point p;
p.x = 10;
p.y=4

pacman.p_point = p; // putthe pacman on (10,4
(3) Item

Roles accessed through the data type Item aregylgiiss, and barriers.

15



Basic properties contained in an item are locatoigr. Other important
properties include type (i.e., type of the objsoth as ghost, gift, and barrier),
effect (which changes the status of PacMan), spatlis, duration, move
direction, difficulty level, move counter.

The difficulty level is used to determine what mduaction a ghost uses. There
are three levels: _EASY, NORMAL, and _HARD. The&Alevel simply uses
random function to decide the next move; the Noreadl and HARD level
calculate the distance between the PacMan andchite gy

There are four types of gifts in this game: SPEEDSIFOWDOWN, KILLER,
and SCORE. Once the PacMan eats the gift, thesstditihe PacMan will be
changed, and will last the value of duration.

Ice pelle Slow Dowr
(SLOWDOWN)
Fire pelle Speed u
(SPEEDUP)
i Power pelle Allow Pacman can eat the ghc
(KILLER)
Score pelle Get more score th. small dot:
(SCORE)

Example:

[* Set type of an item */

item i;

i.i_type = GHOST,; /I setthis item as a ghost
i.i_type = _BARRIER; // set this item as a barrier
i.i_type = _GIFT, /I set this item asifi g

/* set the location of this item */

point p;
p.x=75;
p.y=>5;

i.i_point = p; // putthe item on (5,5)

[* Set the level of a ghost. This can only bedustaen the item is a ghost */
i.level = EASY; //setthe level to EASY

16



i.level = NORMAL; //setthe level to NORMAL
i.level = HARD; //set the level to HARD

[* Set the type of a gift. This can only be usdtewthe item is a gift */
i.level = _SPEEDUP; //set the type of the gifS@EEDUP

i.level = _SLOWDOWN; //set the type of the gt $LOWDOWN
i.level = KILLER; //set the type of the gift KWILLER

i.level = _SCORE; //set the type of the gift ©GRE

(4) Point

Point is a 2D geometry concept, with two componentand y, which together
depict the position of a player’s or an item’s.

Example:

point p;
p.Xx = 5;
p.y = 7;

3.3Expressions

3.3.1 Unary operators
(1) — expression:

Numeric negation
(1) ! expression:
Logical negation

3.3.2 Additive operators
(1) expression + expression:

Numeric addition

(2) expression += expression
Numeric addition

(3) expression — expression:
Numeric subtraction

(4) expression — =expression:

17



Numeric subtraction

3.3.3 Multiplicative operators
(1) expression * expression:
(i) Numeric multiplication;

(ii) Expression of identifier * number creates g@ne identifier with
different

(i) index by n times and new identifiers inheait the attributes. e.g.
Copy the ghosts.

(2) expression / expression:
Numeric division

3.3.4 Relational operators
(1)expression < expression:

(i) Less-than;
(if) Comparison of properties of two objects. Tlaue is 1 if exprl is less
powerful than expr2. An example is given as:

Player p;
Item i;

if (p.speed < item.speed) { .. }

According to the default definition, slow < normafast, while weak < normal <
aggressive < invincible.
(2) expression > expression:

(i) Greater-than;

(i) Comparison of properties of two objects. Thatue is 1 if exprl is

more powerful than expr2.
(3) expression <= expression:
Similar to 4.4.1, except that comparison of prapsralso returns 1 if exprl ==
expr2 (i.e., the two properties are of the samellelvor details, please refer to
4.5.1).

18



(4) expression >= expression:

Similar to 4.4.12 except that comparison of prapsralso returns 1 if exprl ==
expr2 (i.e., the two properties are of the samellelvor details, please refer to
4.5.1).

3.3.5 Equality operators
(1)expression == expression:

(i) Equal-to
(i) 1 if the two properties are of the same leagid O otherwise.
(2)expression != expression:

(i) Not-equal-to

(i) 1 if the two properties are not of the sameeleand 0 otherwise.

3.3.6 expression && expression:
Return 1 if and only if both values are 1; othemnitsreturn 0.

3.3.7 expression || expression:
Return 1 if at least one of the two values aretliemwvise it returns O.

3.4Declarations
Declaration creates new variables with a specifypé and an optional values by the
following forms:

type specifier identifier
identifier = initialization expression

where type_specifier is one of the following typ#; string, player, item, and point.
Example:

int num;
num = 14;

3.5Statements and Blocks

3.5.1 Expression statement
Expression statement is a construct consistingaoébles, operators and functions. It

is like real word statements.
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Examples:
int i;
i=3;
point p;
p.X + 1i;

3.5.2 Conditional statement
Same as Java or C, conditional statement execuedaan code only if a particular
condition is true.

Examples:

1)

if (expression)
{statement}

else
{statement}

(2)

if (expression)
{statement}
elseif (expression)
{statement}
else
{statement}

3.5.3 While statement
The while statement continually executes a blocétatement while the condition is
true.

Example:

while (expression)
{ statement }

3.5.4 Blocks

Block is a group of statements surrounded by agfdiraces. It is used in flow
control sentences.

Example:
20



while (expressionl)

{ if (expression2)
{statementl}
else
{statement2}
}

3.5.5 Return statement

A function returns to its caller by means of theire statement, which has the
following form:
return ( expression ) ;

3.6Function Definitions

3.6.1 Basic Functions

func return_data_type function_name (argl,arg2, arg3)

{
/*
statement;
*/

}

3.6.2 Built-in Functions
(2)main

int main()

This function is the entry point for execution bétprogram. Each PaCaml
program must define this function. A return valdeero indicates failure;
otherwise, success.

(2)setPlayer
int setPlayer(Player player)

Set the PacMan of this game.
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(3)addGhost
int addGhost (Item item)

Add user-defined ghost object to the current mapetarn value of zero indicates
failure; otherwise, success.

(4)addGift

int addGift(Item item)

Add a gift to the map. A return value of zero irad&s failure; otherwise, success.
(5)addBarrier

int addBarrier(Item item)

Add a barrier to a specific location of the mapeturn value of zero indicates
failure; otherwise, success.

int addBarrier(int x, int y)

Add a barrier to [x, y] of the map. A return valofezero indicates failure;
otherwise, success.

(6) getMapWidth

int getMapWidth()

Return the current width of the map.

(7) getMapHeight

int getMapHeight()

Return the current width of this map.

(8)getMapltemName

String getMapItemName(Point)

Return an item name on a specific location, or graping if there is no item.
(9) isPointAvailable

int isPointAvailable(Point)
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Check if the point of the current map is available.
Return 1 if the point is available, or O if thisipohas been assigned to another
item.

(10) getAvailablePoint
point getAvailablePoint()

Return one randomly chosen available point, or ifitilere is no available point
on this map.

(12)print
void print(String)

Print a string on standard output.

(12) play
void play()

Start to play Pac-Man.
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Chapter 4

Project Plan

4.1 Project Management Process

Our team followed a combinational methodology ofnwentional project
management approach and extreme project methodatbgyn developing PaCaml.
After the project was released, we held our firsgeting to analyze the project
requirement, brainstorm the project topics and echian initial plan. Although our
initial project was not considered by the instruciad TA as the one matching the
requirements very well, we revaluated the wholggmtoand came up with a new
proposal very soon.

We held one-hour weekly meeting to identify thej@cb progress and assign new
tasks according to the time line for the coming kv@éree hours each week, usually
on Tuesday, were reserved for group working andnst@ming. Email was the

essential method for daily communication. We alseduDropbox to share valuable

materials and references. Google code was implederd the version control system.

A simple ‘Hello World’ programming task was assign® every team member so
that each one can get easily started and underetam@dcaml works. Concrete tasks
were assigned to each group member each week augdaleach one’s specialty

and workload.

Testing was conducted along with the coding wor&eath stage of the project so that
errors were caught at the early stage. After eachqs the code was completed, each
member was in charge of the corresponding testinthe whole system.

4.2 Programming Style Guide
» Code specified by the member itself needs to benvemted (* comment *)
* Neat and clean coding style is required. i.e. itidanbracing, etc.

* Use the same text editor to make sure indentiowand wrap will not be

mixed up
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Update the code regularly with the whole team ofNSRemember to give
information of updated files

Commit the code on SVN without any bugs or cotslic

Filename should be consistent with the functiorthaf code and named by
lowercase letters, with spaces replaced by undessco (i.e.
compile_and_run.sh)

Variables and function names need to be clearlinddfusing conventional
and proper name

Ocaml source file should be consistent with sargpien in lecture notes.

All codes related with language should be storetthéndirectory named ‘lang’
and other codes related with graphics should bedtn the directory named

‘show’

4.3 Project Time Management

4.3.1 Events List

Event No. Event Name Estimated Due Date
1 Team formation and brainstorming 13/09/2011

2 Learning Ocami 31/10/2011
3 Project proposal (topic, title, goal, etc.) 28/09/2011

4 Language reference manual 31/10/2011
5 Language design (ast, scanner, parser, lexer, et 22/11/2011

6 Graphics design (interface) 22/11/2011
7 Code merging and debugging 29/11/2011

8 Testing 06/12/2011

9 Presentation 22/12/2011

10 Final report 22/12/2011
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4.3.1 Events and Time Estimation

Event Predecessor Time Estimates Expected
D D Earliest Time Normal Time Latest Time Time
1 - 5 6 7 6

2 - 30 40 42 38.7
3 1 10 13 15 12.8
4 2 25 30 33 29.7
5 3 18 20 22 20
6 3 18 20 22 20

7 4,5 5 6 7 6

8 6 5 6 7 6

9 7 1 1 2 1.2
10 7 3 4 5 4

*Number represents for days.

*Expected time= (Earliest time + 4 x Normal timé.atest time)/6

4.3.2 Gantt Chart

ID Task Name Start Finish Duration 2011

SEP OCT NOV DEC

1 Team formation and brainstormingr/0911  13/09/11 7

2 Learning Ocaml 21/09/11 31/10/11 40
3 Project proposal 20/09/09 28/09/11 9
4  Language reference manual 29/09/11 31/10/11 8
5  Language design 01/11/11 231111 23
6  Graphics design 01/11/11 221111 22
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Code merging and debugging  o112/111 o06/12/11 7

Testing 13/12/11 19/12/11 7
Presentation 21/12/11 22/12/11 2
Final report 12/12/11 22/12/11 11

4.4 Roles and Responsibilities

Name Roles and Responsibilities
Chun-Kang Chen Responsible for game graphics, testing
Hui-Hsiang Kuo Responsible for interpreter, testing
Wenxin Zhu Team leader. Responsible for parser and scanner
Shuwei Cao Responsible for parser and scanner in corporatitm\Wenxin
Zhu

4.5 Software Development Environment

4.5.1 Operating System
Linux was used as the operating system of the grafeluding the language
and graphics part. However, the project has bestedeboth on Windows and

Linux.

4.5.2 Version Control System
Google code project hosting server was used asdtson control system to

update and back up all the source codes.

4.5.3 Language Used
Language was developed using Ocaml. Ocaml Open&. implemented to

develop graphic part of the language.
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4.5.4 File Sharing
Dropbox was used for sharing files between team Ipeesn All documents
including LRM, Report, etc were uploaded onto tleud. Google documents

were also implemented for editing the files onlamel brainstorming.

4.6 Project Log

Date Task Done

09/09/201 Team forme

13/09/2011 1*' meeting, initial pla

22/09/2011 2" meeting, project title confirm

27/09/2011 3 meeting, project propos

28/09/201 Project proposal submitt

04/10/201 4™ meeting, Ocaml learnil

05/10/2011 Feedback from instructor and

11/10/2011 5™ meeting rroject reevaluated, coming up with new ic

17/10/2011 Meeting with instructor, confirmation with new tag

18/10/201 6" new project proposal finalized, language referenaaual
brainstorming

19/10/2011 New project proposal submitt

25/10/2011 7" language reference manual finali

31/10/2011 Language reference manual subm

08/11/201 8" meeting, project progress check, task assigneddo membe

15/11/2011 9" meeting, project progress check, language panphiga pat

22/11/2011 10" meeting, project progress check, language pagtfad, graphics pa
finished

29/11/201 11" meeting, code emergi, testing task assign

06/12/201 12" meeting, project progress check, tes

18/12/2011 13" meeting, testing finished, project report, projet

22/12/2011 Project presentation, project final report subrd
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Chapter 5

Architectural Design

5.1Block Diagram

{PaCamI Source Filel

Scanner (scanner.mll)

Parser (parser.mly)

Interpreter (interpret.ml)

' Ocaml Objects |

Graphics Interface (game.)

5.2Interfaces

All the components are written in Ocaml includihg GUI, and thi s the reason w

decided to build an interprete

The sourcdile will be a .pacaml file. This file will be semss the standard input to t
executablgpacaml interpreter. Thsourcefile will be converted into tokei by the
scannerand parsed into the types. .of the value of these typesll be assigned int
one of our root data classgamemap, which stores the Rdan, a list of ghosts, a list «
barriers, and a list of gift&Vhile we parse the bit-in function ‘play(),” pacaml will call
the gaming GUI functionand pas the gamemagps the argument for drawing t
interactive user interfac@ll the classe— point, player, item, and gamem- are built
with the set and get function to retriceachmember of the class objs.
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5.3Task Distribution

Component(s)

Implementer(s)

ast.mli
classes.n
game.ml
interpret.ml
pacaml.ml
parser.mly
scanner.mll
Tests
Makefile

Shuwei Cao, Wenxin Zi
Hui-Hsiang Kut
Chur-Kang Che!
Hui-Hsiang Kut
Hui-Hsiang Ku

Shuwei Cao, Wenxin Zt
Shuwei CaoWenxin Zht
All member:

Hui-Hsiang Kut
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Chapter 6

Test Plan

6.1Representative Source Code

The input of PaCaml is PaCaml source codes. Thaubof PaCaml compiler is OCaml
objects. The objects are then processed by thénigsamterface written in Ocaml with
the library OpenGL.

Due to the layout discussed above, we are nottalgessent the output in codes in this
chapter.

6.2Test Suites

We chose the test cases starting from the MICR@Csteéte, and gradually increased the
complexity. The test cases consist of arithmetigid, control structures, different data
types, and built-in functions.

6.2.1 Arithmetic

Test case Motivation Output Result
print(point(4,3) + point(1,2 Point additiol (5,5 Correc
print(point(4,3)- point(1,2) Pointsubtractiol (3,1 Correc
print(point(4,3) * point(1,2) Point multiplicatiol (4,6 Correc
print(point(4,3) / point(1,2 Point divisior (4,1 Correc
print(1+5 Integer additio 6 Correc
print( 5- 2) Integer subtractic 3 Correc
print(4 * 2) Integer multiplicatio 8 Correc
print(1/2 Integer divisiol 0 Correc
print( 5 % 3 Integer Modulu 2 Correc
print(1+2*3+4 Order of operatior 11 Correc
printf((1L+2)*(3+4) Order of operatior 21 Correc
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6.2.2 Logic

Test case Motivation Output Result
print( !(1==1) NOT Operatc False Correc
print( 1(1==2) NOT Operatc True Correc
print( (1==1) && (1==1) . AND Operator True Correc
print( (1==1) && (1==2) AND Operator Fals¢ Correc
print( (1==2) && (1==1) AND Operator False Correc
print( (1==2) && (1==2) AND Operator False Correc
print( (1==1) || (1==1) OR Operator True Correc
print( (1==1) || (1==2) OR Operator True Correc
print( (1==2) || (1==1) OR Operator True Correc
print( (1==2) [(1==2) ; OR Operator False Correc
print(1!=2" NOT EQUAL True Correc
printf(1'!=1 NOT EQUAL Fals¢ Correc
print(1 <2 LESS True Correc
print(2<1 LESS False Correc
print(1 <=2 LESS EQUAL True Correc
print(1 <=1 LESS EQUAL True Correc
print(2 <=1 LESS EQUAL False Correc
print(1>2 GREATEFR False Correc
print(2 > 1 GREATER True Correc
print( 1 >=2 GREATER EQUAL Fals¢ Correc
print(1>=1 GREATER EQUAL True Correc
print(2>=1 GREATER EQUAL True Correc
print( '(1==1) || (1==1) Order of Logi True Correc
print( !( (1==1) || (1==1)) Order of Logir Fals¢ Correc
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6.2.3 if

Test cas Motivation Output Resuli
if(1) Test if and if/else 0 Correc
{ 2

print( 0 );
}
if(0)
{
print( 1);
else
{
print( 2 );
}
6.2.4 for

Test case Motivation Output Result

int i; Test for looj 0 Correc
1
for(i=0;i<10;i++) 2
{ 3
print(i); 4
} 5
6
7
8
9

6.2.5 while

Test case Motivation Output Result
int i; Test while loogj 0 Correc
i=0; 1

2

while(i<10) 3
{ 4
print(i); 5

i++; 6

} 7
8

9
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6.2.6 Functions

Test case Motivation Output Result
int plus(int a, int b Test function ca 3 Correc
{ -1
return a + b;
}

int minus( int a, int b)
{
}

void main()

{

return a - b;

print(plus( 1, 2));
print(minus( 1, 2));

}

6.2.7Derived Types

Test case Motivation Output Result
string str Type of Strin helloworlc | Correc
str = “helloworld”;
print(str);
point.x = 10 The value of x is assign¢ | 10 Correc

to 10
point.x = 21 Test out of bour ("invalid Correc
point x: 15.
X must be
between 1-
13.")
iteml.i_type = _GHOS Type field of iten This item is| Correc
setto be a
ghost
iteml.level = HARLC Level field of iten The level | Correc
of the ghost
is set to be
hard.

34



6.2.8 Pac-Man related functions

Test
item createltem( int type, int x, int @S @ opencLoemo

{

item i;

point p;

p.X = X;
P.y=y;
i.i_type = type;

i.i_point = p;
return i;

}

void main()

{
player pacman;
item ghost1,;
item barrierl;
item giftd;

pacman.p_point = getAvailablePoint(); | Pac-Man Ghos -
setPlayer(pacman); Barriel

ghostl = createltem(_GHOST, 5, 5);
addGhost(ghostl);

barrierl = createltem(_BARRIER, 8, 8);
addBarrier(barrierl);

giftl = createltem(_GIFT, 8, 9);
addGift(giftl);

play();

6.3 Testing Method & Testing Automation
To guarantee that the interpreter can work coyertgression testing is performed
as each piece of code is integrated. We initidllyse test cases by selecting the basic
features, like arithmetic, logic, and control fea) and ensure that the interpreter
works as expected. The next step was to assigmaddy the value of each data
type in different ways, and check if the interpredtdl works as expected.

In the beginning of development, we test manuallgrisure that all the output results
of the interpreter are correct. In the later stagesuse a script written in Python to
compare the expected output and actual outputrepuatt the status of each test case
with either PASS or NOTPASS.
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Chapter 7

Lessons Learned

7.1Lessons Learned

7.1.1 Chun-Kang Chen
Building a new language is a perfect way to deapigerstand all the significant
concepts of the PLT and, of course, Ocaml. | tookompiler class in the other
university before; however, | never really createthnguage. The first assignment
was really shock me -- | finished it before | ursteod it. But, that is a fundamental
knowledge of a compiler.

| was assigned to be the guy to create the Pacarae g Ocaml. That's really much
tougher than | imaged. Ocaml is the first functidaaguage | learned, which is not
as intuition as any other language. After the fiitt of the game is finished, | figured
out the most difficult part of this project — teanork. We have to discuss the
interface between the interpreter and my game. gtoif connecting this part, | spend
couple hours to modify the original code, and welenall interfaces for the following

steps.

It makes us really excited while the first Pacmamg built by “Pacaml”. It's a great
class project.

7.1.2 Hui-Hsiang Kuo

This project taught me many lessons in learningew functional programming
language, implementing a large scale software systnd working as a team.
Although working on Ocaml programming was painfulf game design did make it
interesting. For each regular meeting, we brainstor with each other for getting the
Pacaml in place. A good team is not that how smarhbers are, but how much they
can dedicate to. | would like to say that | readlyjoyed working with Chun-Kang,
Wenxin, and Shuwei.

| was responsible for implementing the interpreteywever, the most difficult part of
this project is not implementing the parser or ripteter, but deciding what the
language should and shouldn’t include. In the Istage of development, we found
that we created lots of useless data types andeundfy functions for Pacaml, and
they were really too complicated for the end usé&irse process of improving the
interpreter was with lots of challenges becausd&mwasv that perfection is that there is
nothing left to take away, and we almost achieved i
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The way to design a language is tough, but as gramamer, it is necessary to realize
how compiler and interpreter work. Thanks to COMB&L1lt's a great experience.

7.1.3 Wenxin Zhu

PaCaml is a fantastic practice to understand incthese Programming Languages
and Translators. | find it quite helpful as we ha@eme through most of the concepts
introduced in the course. What we have learnt @ ldctures brings the theoretic
background and basis, while what we have fulfilied the project brings the
experience which broadens my sight in programmamngliages and adds up to my
knowledge.

| am responsible for scanning and parsing. The waskcomplicated as | had no idea
what to begin with. The files that define the typ#® parsing rules, and the tokens
are relative to each another, and therefore, htarsl to finish one of them then go on
with another. Fortunately, my teammates gave mmartssuggestion that | would
better start with one or two function, say "prirgllo world", to understand how
things work within the scanning and parsing fil&s. long as | was able to do the
print function, | added more elements to the fdesl made it complete in the end. In
the meantime, Shuwei has been a great help indfikie bugs that | would hardly
notice, as well as adding elements to the scannértiae parser. With Shuwei’s
efforts, the scanner and the parser function asxpected.

| have had a lot of fun in PaCaml. Thank you, ramenates!

7.1.4 Shuwei Cao

The most important thing | have learned from thigjgxt was that one should never
ever say something is too hard for him before he th@ courage of doing that.
However, once you get started, you have no chait&kéep your head up and hold
your dream tight.

It is really a difficult time when you have no idehow to do the whole thing. But,
just be patient and little by little, your understiang is able to get improved. In the
project, | was responsible for the parser and ssaimncooperation with Wenxin Zhu.

| have learned how to use Linux, how to use SVNy ko program using Ocaml, how
to write the parser and scanner, how to do thentgst | would like to thank my

teammates Chun-Kang Chen, Hui-Hsiang Kuo and We@hno. It was a great
experience working with you. | have learned atotf your experience and teaching.

This project gives me a brand new idea of how @ogning language is like. It is
really difficult but it is truly worthy.
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7.2 Advice for Future Teams

The first as well as the most important step iddsign the language. You four people are
to spend one semester to realize the design insc@ahel therefore, it is important that
you have a cool idea to stick to, and cool teamsntiat agree on the idea. It is never
over-prepared if you have a list of key questiomand to discuss within the team and
with your TAs and professor. What is the interdsthe team? What are the advantages
that you expect in the new language? What are thetibnalities? For the key
functionalities, what are the details that you nmighnt to agree on at the very beginning?

The second step is to set up a meeting time, amlbwehedule, and always, always,
keep up to it.

Now you have a cool idea. Yet it doesn’t mean thatidea have to remain constant
without any a bit of change. Prepare for the difies in that you are not sure to fix
some problems considering time and efficiency is¥ue suggest that you find reference
from previous teams or your peer, and go talk tarybAs and professors for advice.
Please keep in mind that compromises are to be rnadetime to time, since this is a
one-semester project, and it is possible that #saltr is not perfect at the end. Think
about the issue in this way: which do you prefersgend much time on dedicated details
before you are sure to get things done, or to kanld realize the frame first and then fill
it up with the details?

The last piece of advice, guess what:
START EARLY.

Good luck, our fellow teams!
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Appendix

Appendix A.1 — ast.ml

type op =
Add | Sub | mult | Div | Mod
| And | Oor | Eq | NEq | Less | LEq | Greater | GEq

type expr =

Id of string (* foo *)
Member of string * string (* foo.bar *)
Integer of int (* 13 *)
Strings of string (* "helloworld" *)
GameType of string (* _HARD *)
Assign of expr * expr (¥ x =y *)
BinOp of expr * op * expr (* x + y *)
Not of expr (* I!x *)
call of string * expr list (* foo(x, y) *)
NoExpr (* for (;;) *)

type stmt = (* Statements *)
Expr of expr (* foo = bar + 13; *)
Return of expr (* return 13; *)
Block of stmt Tist (* { ... *)
If of expr * stmt * stmt (* if (foo == 13) {...} else {...} *)
For of expr * expr * expr * stmt (* for (i=0;i<10;i=i+1) { ... } *)
while of expr * stmt (* while (i<10) { ... } *)
type par_decl = {
paramname : string; (* variable Name¥*)
paramtype : string; (* variable Type *)

type var_decl = {
varname : string; (* variable Name *)
vartype : string; (* variable Type *)

type func_decl = {
fname : string; (* Function Name*)
rettype : string; (* Return Type *)
formals : par_decl Tist; (* Argument Name *)
Tocals : var_decl Tist; (* Local variables
body : stmt list;

(* types used for pacaml *)
type point = {
mutable x : 1int;
mutable y : 1int;

type player = {
mutable speed : int;
mutable status : string;
mutable p_point : point;
mutable remaining_time : 1int;

}
type item = {
mutable i_type : int;
mutable duration : int;
mutable i_point : point;
mutable color : float * float * float;
mutable Tevel : 1int;

}
type map = {
mutable pacman : player;
mutable list_item : item 1ist;
mutable width : int;
) mutable height : int;
type myType = Int of int | Bool of bool | String of string | Map of map | Player of
player | Item of item | Point of point

(* get the type of a variable *)
Tet getTer v =
match v with
Int(v) -> "int"
| Bool(v) -> "bool"
| String(v) -> "string"
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[ Map(v) -> map

| PTayer(v) -> p1ayer

| Item(v) -> 1tem

| Point(v) -> "point"
(* return myType of a variable¥*)
Tet getInt v =

match v with

| Int(v) -> v

— >

Tet getBool v =
match v with
Bool(v) -> v
| Int(1l) -> true
_ -> false
Tet getString v =
match v with
String(v) -> Vv
->

Tet getMap v =
match v with
Map(v) -> v
| _ -> {pacman= {speed=0; status="normal" p_point={x=750;
y=750}; remaining_time=0}; 11st item=[]; w1dth 1500 height= 1500}
let getPlayer v =
match v with
Player(v) -> v
| — -> {speed=0; status="normal"; p_point={x=750; y=750} ; remaining_time=0}

Tet getItem v =
match v with
Item(v) -> v
| _ -> {i_type=0; duration=0; i_point={x=0; y=0}; color=(1.,1.,1.) ; level=0}
Tet getPoint v =
match v with
Point(v) -> v
| — -> {x=0; y=0}
type program = var_decl Tist * func_decl 1list (* global vars, funcs *)

Appendix A.2 — scanner.mll

{ open Parser } (* token types *)
rule token = parse
[ '\t' '"\r' '\n'] { token lexbuf } (* white space *)

{ comment lexbuf } (* comment *)
' { singlecomment lexbuf }

LPAREN }

RPAREN }

LBRACE }

RBRACE }

SEMI }

COMMA }

DOT }

PLUS }

MINUS }

TIMES }

DIVIDE }

mMoD }

QUOTATION}
{ PLUSEQ }
{ MINUSEQ }
{ TIMESEQ }
{
{

J e e o e Ton e e

DIVIDEEQ }
MODEQ }
'=" { ASSIGN }
‘1" { NOT }

{ PLUSPLUS }
ot % MINUSMINUS }

"IN" {or}
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"if" { IF } (* keyword *)
"else" { ELSE }

"for" { FOR }

"while" { WHILE }

"return” { RETURN }

"void" { DATATYPE("void") }

"int" { DATATYPE("int") }

"string" { DATATYPE("string")}

"map" % DATATYPE("map") }

"player" { DATATYPE('player") }

"item" { DATATYPE("item") }

"point" { DATATYPE("point") }

['O'—'9 ]+ as ints { INTEGER(1nt of_string ints) } (* Integer *)

['_"I['a'-"z" 'A'-"z" '_" '0'-'9']+ as gametype { GAMETYPE(gametype) } (* typs for
pacman *)

['a'-"'z" 'A'-"'Z" '0'-"'9" ' ']+ as id { ID(id) }

eof { EOF } (* End of file *

_ as char { raise (Failure("illegal character: " A Char.escaped char)) }
and comment = parse

"*/" { token Texbuf } (* End of comment *)

| — { comment lexbuf }

and s1ng1ecomment = parse
['\r' '\n'] {token lexbuf } (* End of comment *)
| _ {singlecomment Tlexbuf }

Appendix A.3 — parser.mly

%{ open Ast %}
%token LPAREN RPAREN LBRACE RBRACE LBRACKET RBRACKET
%token SEMI COMMA DOT QUOTATION
%token PLUS MINUS TIMES DIVIDE MOD PLUSPLUS MINUSMINUS
%token PLUSEQ MINUSEQ TIMESEQ DIVIDEEQ MODEQ
%token EQ NEQ LT LEQ GT GEQ AND NOT OR ASSIGN
%token IF ELSE ELSEIF FOR WHILE RETURN
%token INT VOID FLOAT BOOL
%token <int> INTEGER
%token <string> ID
%token <string> DATATYPE
%token <string> GAMETYPE
%token EOF
%left PLUSEQ MINUSEQ
%left TIMESEQ DIVIDEEQ MODEQ
%right ASSIGN
%left OR AND EQ NEQ
%left LT GT LEQ GEQ
%right NOT
%left PLUS MINUS
%left TIMES DIVIDE MOD
%left PLUSPLUS MINUSMINUS
%nonassoc NOELSE
%nonassoc ELSE
%nonassoc LPAREN
%start program
%type <Ast.program> program
%%
program:
/* nothing */ { [1, [1}
| program vdecl { ($2 :: fst $1), snd $1 }
| program fdecl { fst $1, ($2 :: snd $1) }
fdecl:
DATATYPE ID LPAREN formals_opt RPAREN LBRACE vdecl_list stmt_list RBRACE
{{ fname = $2;
rettype = $1;
formals $4;
locals = List.rev $7;
body = List.rev $8 } }
formals_opt:
/* nothing */ { [] }
| formal_Tist { List.rev($1l) }
formal_list:
param_decl { [$1] }
| formal_list COMMA param_decl { $3 :: $1 }

vdecT_Tist:

/* nothing */ {03
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| vdecl_1ist vdecl { $2 :: $1 }
vdecT:
DATATYPE ID SEMI { { varname = $2; vartype = $1 } }

param_decl:
DATATYPE ID
{{ paramname = $2;
paramtype = $1 } }
stmt_list:
/* nothing */ { [] }
| stmt_Tist stmt { $2 :: $1 }

stmt:
expr SEMI { Expr($1l) }
| RETURN expr_opt SEMI { Return($2) }
| LBRACE stmt_list RBRACE { Block(List.rev $2) }
| IF LPAREN expr RPAREN stmt %prec NOELSE { If($3, $5, Block([])) }
| IF LPAREN expr RPAREN stmt ELSE stmt %prec ELSE { If($3, $5, $7) }
| FOR LPAREN expr_opt SEMI expr_opt SEMI expr_opt RPAREN stmt { For($3, $5, $7, $9) }
| WHILE LPAREN expr RPAREN stmt { while($3, $5) }
expr_opt:
/* nothing */ { NoExpr }
| expr { $1 }
expr:
foo
§1ayer.speed

"helloworld"

ID { 1d($1) 1}
ID DOT ID { Member($1l, $3) }
INTEGER { Integer($1l) }
QUOTATION ID QUOTATION { Strings($2) }
GAMETYPE { GameType($1) }
expr PLUS expr { Binop($1l, Add, $3) }
expr MINUS expr { Binop($1l, sSub, $3) }
expr TIMES expr { Binop($1l, Mult, $3) }
expr DIVIDE expr { Binop($l, Div, $3) }
expr ASSIGN expr { Assign($1,$3) }
expr PLUSEQ expr { Assign($1l, Binop($1l, Add, $3)
expr MINUSEQ expr { Assign($l, BinOp($1l, Sub, $3
expr TIMESEQ expr { Assign($l, Binop($l, mult, $
expr DIVIDEEQ expr { Assign($1l, Binop($1l, Div, $
expr MODEQ expr { Assign(%l, B1nop($1l, Mod, $3))
expr MOD expr { Binop($1l, Mod, $3) }
expr AND expr { Binop($1l, And, $3) }
expr OR expr { Binop($1, or, $3) }
expr EQ expr { Binop($1, Eq, $3)
expr NEQ expr { Binop($1l, NEq, $3) }
expr LT expr { Binop($1l, Less, $3) }
expr LEQ expr { Binop($1, LEq, $3) }
expr GT expr { Binop($1l, Greater, $3) }
expr GEQ expr { BinOp($1l, GEq, $3) }
NOT expr { Not($2) }
expr PLUSPLUS { Assign($1l, BinOp($1l, Add, Integer(l)))
expr MINUSMINUS { Assign($1l, BinOp($1l, Sub, Integer(l))
LPAREN expr RPAREN { $2 }
ID LPAREN actuals_opt RPAREN { call($1, $3) }
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call
actuals_opt:

/* nothing */ { [] }

| actuals_list { List.rev $1 }
actuals_list:

expr { [$1] }

| actuals_Tlist COMMA expr { $3 :: $1 }

Appendix A.4 — interpret.m|

open Ast
open Printf
open Classes
open Game
module NameMap = Map.Make(struct
type t = string
d)1et compare x y = Pervasives.compare X y
en
module StringMap = Map.Make(String);;
Tet mymap = new gamemap;;
let pointMap = ref StringMap.empty;;
Tet avail_x ref 0;;
Tet avail_y = ref 0;;
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let num_items = ref 0;;
let gift_colors = [|(1.,0.5,0.5) ; (0.5,0.5,1.) ; (1.,0.,1.) ; (0.8,0.8,0.6)|1;
exception ReturnException of myType * myType NameMap.t
(* Initiate variable *)
Tlet init t =
match t with
"int" -> Int(0)
| "bool" -> Bool(false)
| "string" -> String("")
| "map" -> Map({ pacman= {speed=5; status="normal"; p_point={x=1;
|

y=1} remaining_time=0}; Tist_item=[]; width=1500 ; height=1500})
"player" -> Player({speed=5; status="normal"; p_point={x=1;

y=1} ;remaining_time=0})
"item" -> Item({i_type=0; duration=0;i_point={x=0; y=0}; color=(1.,1.,1.);

Tevel=0})

| "point" -> Point({x=0; y=0})

| _ -> Int(0)
(* Main entry point: run a program *)
let run (vars, funcs) =

* put function declarations in a symbol table *)

Tet func_decls = List.fold_left

(fun funcs fdecl -> NameMap.add fdecl.fname fdecl funcs)
. NameMap.empty funcs
in

(* Invoke a function and return an updated global symbol table *)
Tet rec call fdecl actuals globals =

(* Evaluate an expression and return (value, updated environment) *)
Tet rec eval env = function

Integer(i) -> Int i, env

| GameType(i) ->

(match i with
"_EASY" -> Int 0, env
"_NORMAL" -> Int 1, env
"_HARD" -> Int 2, env
"_GHOST" -> Int 3, env
"_BARRIER" -> Int 4, env
"_GIFT" -> Int 5, env
"_GIFT_SPEEDUP" -> Int 6, env
"_GIFT_SLOWDOWN" -> Int 7, env
"_GIFT_KILLER" -> Int 8, env
"_GIFT_SCORE" -> Int 9, env
_ -> raise (Failure ("Invalid game type: " A i A ".")))
| NoExpr -> 1Int 1, env
(* String *)
éastrings(var)ﬁ—> String var, env
|

Identifier *)
Id(var) ->
Tet locals, globals = env in
if NameMap.mem var locals then
(NameMap.find var Tocals), env
else if NameMap.mem var globals then
(NameMap.find var globals), env
else raise (Failure ("Undeclared identifier: " A var))
(* Assign value to member *
| Member(var, i) ->
let v, env = eval env (Id var) in
let vType = getType v 1in
(match vType with
"player" ->
(match i with
| "p_point" -> Point (getPlayer v).p_point
| _ -> raise (Failure ("Invalid member of Player: " A i)))
| "item" ->
(match i with
"i_type" -> Int (getItem v).i_type
| "duration" -> Int (getItem v).duration
| "i_point" -> Point (getItem v).i_point
| "Tevel”™ -> Int (getItem v).level
| _ -> raise (Failure ("Invalid member of Item: " A i)))
| "point" ->
(match i with
"x" -> Int (getPoint v).x
[ "y" -> Int (getPoint v).y
3 | _ -> raise (Failure ("Invalid member of Point: " A
i
| _ -> raise (Failure ("Cannot access " A var A "." A 1i))), env
(* Binary operator *)
| Binop(el, op, e2) ->
let vl, env = eval env el in
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let v2, env = eval env e2 in
let vlType = getType vl in
Tet v2Type = getType v2 in
if vlType = v2Type then
(match op with
Add ->
if vlType = "int" then
Int (getInt vl + getInt v2)
else if vliType = "point" then
if ((getPoint vl1).x + (getPoint v2).x)>=1 & & ((getPoint

vl).x + (getPoint v2).x)<=13
&& ((getpPoint vl).y + (getPoint v2).y)>=1 && ((getPoint
vl).y + (getPoint v2).y)<=13 then
Point({x=((getPoint vl1).x + (getPoint v2).x);
y=((getPoint v1).y + (getPoint v2).y)})

else raise (Failure ("out of bound: The value of point.x
and point.y should be between 1-13"))
else raise (Failure ("Incorrect data type: " A viType A " + " A

v2Type))
| sub ->
if vlType = "int" then
Int (getInt vl - getInt v2)
else if vliType = "point" then
if ((getPoint vl).x - (getPoint v2).x)>=1 && ((getPoint vl).x
- (getPoint v2).x)<=13
&& ((getpPoint vl).y - (getPoint v2).y)>=1 && ((getPoint
vl).y - (getPoint v2).y)<=13 then
Point({x=((getPoint vl).x - (getPoint v2).x);
y=((getPoint v1).y - (getPoint v2).y)})
else raise (Failure ("out of bound: The value of point.x
and point.y should be between 1-13"))
else raise (Failure ("Incorrect data type: " A viType A " - " A
v2Type))
| Mult ->
if vliType = "int" then
Int (getInt vl * getInt v2)
else if vliType = "point" then
if ((getPoint vl).x * (getPoint v2).x)>=1 && ((getPoint vl).x
* (getPoint v2).x)<=13
&& ((getPoint vl).y * (getPoint v2).y)>=1 && ((getPoint
vl).y * (getPoint v2).y)<=13 then
Point({x=((getPoint vl).x * (getPoint v2).x);
y=((getPoint v1).y * (getPoint v2).y)})

else raise (Failure ("out of bound: The value of point.x
and point.y should be between 1-13"))
else raise (Failure ("Incorrect data type: " A viType A " * " A
v2Type))
| Div ->

if vlType = "int" then
Int (getInt vl / getInt v2)
else if viType = "point" then
if ((getPoint vl).x / (getPoint v2).x)>=1 & & ((getPoint vl).x
/ (getPoint v2).x)<=13
&& ((getpPoint vl1).y / (getPoint v2).y)>=1 && ((getPoint
vl).y / (getPoint v2).y)<=13 then
Point({x=((getPoint vl).x / (getPoint v2).x);
y=((getPoint v1).y / (getPoint v2).y)})

else raise (Failure ("out of bound: The value of point.x
and point.y should be between 1-13"))
else raise (Failure ("Incorrect data type: " A viType A " / " A
v2Type))
| Mod ->
if vlType = "int" then
Int (getInt vl mod getInt v2)
else raise (Failure ("Incorrect data type: " A vliType A " % " A
v2Type))
| And ->
if vlType = "bool" then
Bool (getBool vl && getBool v2)
else raise (Failure ("Incorrect data type: " A vliType A " && " A
Vv2Type))
| or ->
if vlType = "bool" then
Bool (getBool vl || getBool v2)
else raise (Failure ("Incorrect data type: " A viType A " || " A
Vv2Type))
| Eq —>

if vlType = "int" then
Bool (getInt vl = getInt v2)
else if vliType = "map" then
Bool (getMap vl = getMap v2)
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else if vliType = "player" then
Bool (getP1ayer vl = getPlayer v2)
else if viType = "item" then
Bool (getItem vl = getItem v2)
else if vlType = "point" then
Bool (getPoint vl = getPoint v2)
else raise (Failure ("Incorrect data type: " A viType A " == " A
v2Type))
| NEQ ->
if vlType = "int" then
Bool (getInt vl != getInt v2)
else if viType = "map" then
Bool (getMap vl != getMap v2)
else if vlType = "player” then
Bool (getPlayer vl != getPlayer v2)
else if viType = "item" then
Bool (getItem vl != getItem v2)
else if vlType = "point" then
Bool (getPoint vl != getPoint v2)
else raise (Failure ("Incorrect data type: " A viType A " == " A
v2Type))
| Less —>
if vlType = "int" then
Bool (getInt vl < getInt v2)
else raise (Failure ("Cannot compare " A vlType A " < " A
v2Type))
| LEQ ->
if vlType = "int" then
Bool (getInt vl <= getInt v2)
else raise (Failure ("Cannot compare: " A viType A " <= " A
v2Type))

Greater ->
if vliType = "int" then
Bool (getInt vl > getInt v2)
else raise (Failure ("Cannot compare: " A viType A " > " A
v2Type))
| GEq ->
if vlType = "int" then
Bool (getInt vl >= getInt v2)
else raise (Failure ("Cannot compare: " A viType A " >= " A
v2Type))), env
else raise (Failure ("Data type mismatch : " A v1iType A " and " A v2Type))
(* Assignment *)
| Assign(var, e) ->
let varl, env = eval env var in
let el, (Tocals, globals) = eval env e in
Tet vlinfo =
match var with
d (i) -> ("id", G, "")
| strings(i) -> ("strings", (i, ""))
| Member(i, j) -> ("member", (i, 3j))
| _ -> raise (Failure ("Left side must be an identifier or a
member")) din
let v1IidType = fst vlInfo in
let vlName = snd vlinfo in
et vlType = (* ("map", "Tocals") *)
(if NameMap.mem (fst vliName) Tocals then
(getType (NameMap.find (fst viName) locals), "locals")
else if NameMap.mem (fst vlName) globals then
(getType (NameMap.find (fst vIName) globals), "globals")
else raise (Failure ("undeclared identifier: " A fst

vlName))) .
in
let vlRetType = getType varl in
et elType = getType el in
if vlRetType = elType then
match vlRetType with
"int" ->
if v1lIdType = "id" then
(if snd viType = "locals" then
el, (NameMap.add (fst vliName) el Tocals, globals)
else if snd vlType = "globals" then
el, (locals, NameMap.add (fst vIiName) el globals)
else raise (Failure ("Fatal error™)))
else if vliIdType = "member" then
if fst viType = "item" then
if snd vlName = "i_type" then
) if getInt el = 3" || getInt el = 4 || getInt el =
5then

if snd vlType = "locals" then
el,
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((getitem (NameMap.find (fst vlName)

(Tocals, globals))
else if snd vliType = "globals" then
el,

Tocals)).i_type <- getInt el);

(
((getitem (NameMap.find (fst vlName)
globals)).i_type <- getInt el);
(Tocals, globals))
else raise (Failure ("Fatal error™))
else raise (Failure ("Invalid value of i_type:
A string_of_int (getInt el) A ". 1_ty?e must be _GHOST, _BARRIER, or _GIFT."))
else if snd vliName = "duration" then
if getInt el >= 100 && getInt el <= 500 then
if sng vlType = "locals" then
el,
((getitem (NameMap.find (fst viName)

Tocals)) .duration <- getInt el);
(Tocals, globals))
else 1f snd vlType = "globals" then
el,
((getitem (NameMap.find (fst vlName)
globals)).duration <- getInt el);
(Tocals, globals))
else raise (Failure ("Fatal error™))
else raise (Failure ("Invalid value of duration:
" A string_of_int (getInt el) A ". Duration must be between 100-500."))
else if snd vliName = "level" then
if (getItem (NameMap.find (fst vlName)
Tocals)).i_type = 3 then
if getint el = 0 || getInt el = 1 || getInt
el = 2 then
if sng vlType = "Tocals" then
e ’
((getitem (NameMap.find (fst

(Tocals, globals))
else if snd vliType = "globals" then
el,

viName) locals)).level <- getInt el);

(
((getitem (NameMap.find (fst

(Tocals, globals))
else raise (Failure ("Fatal

vlName) globals)).level <- getInt el);

error™))
else raise (Failure ("Invalid value of Tevel:
" A string_of_int (getiInt el) A ". Tevel must be _EASY(0), _MEDIAN(1), or
_HARD(2)"))
else if (getItem (NameMap.find (fst vlName)
Tocals)).i_type = 5 then
if getInt el = 6 || getInt el = 7 || getInt
el = 8 || getInt el = 9 then
if sng vlType = "Tocals" then
el,
((getitem (NameMap.find (fst
vlName) locals)).level <- ((getInt el)-5));
((getitem (NameMap.find (fst
vlName) locals)).color <- gift_colors.(((getInt el)-6)));
(Tocals, globals))
else if %nd vlType = "globals" then
el,
((getitem (NameMap.find (fst
vlName) globals)).level <- ((getInt el)-5));
((getitem (NameMap.find (fst
vIiName) Tocals)).color <- gift_colors.(((getInt el)-6)));
(Tocals, globals))
else raise (Failure ("Fatal
error™))
else raise (Failure ("Invalid value of Tevel:
" A string_of_int (getInt el) A ". Level must be _GIFT_SPEEDUP, _GIFT_SLOWDOWN,
_GIFT_KILLER, _GIFT_SCORE"))
else raise (Failure ("Invalid value of Tevel:
Level of this item shouldn't be used."))
else raise (Failure ("Fatal error"))
else if fst vliType = "point" then
if snd vIiName = "x" then
if getInt el >= 1 && getInt el <= 13 then
if snd V%Type = "locals" then
el,
((getPoint (NameMap.find (fst v1Name)
Tocals)).x <- getInt el);
(Tocals, globals))
else if snd vliType = "globals" then

47



el, (
((getPoint (NameMap.find (fst vlName)
globals)).x <- getInt el);
(Tocals, globals))
else raise (Failure ("Fatal error™))

else raise (Failure ("invalid point x: " A
string_of_int (getInt el) A ". x must be between 1-13."))
else if snd vliName = "y" then
if getInt el >= 1 && getInt el <= 13 then
if sng vlType = "locals" then
el,

(
((getPoint (NameMap.find (fst vlName)
Tocals)).y <- getint el);
(Tocals, globals))
else 1f %nd vlType = "globals" then
el,
((getPoint (NameMap.find (fst vlName)
globals)).y <- getInt el);
(Tocals, globals))
else raise (Failure ("Fatal error™))
else raise (Failure ("invalid point y: " A
string_of_int (getInt el) A ". y must be between 1-13."))
else raise (Failure ("Fatal error™))
else raise (Failure ("Cannot assign value to: " A fst
vlType A "." A snd viName))
else raise (Failure ("Cannot assign value to: " A fst
viType))
| "string" ->
if vlidType = "id" then
(if snd vliType = "locals" then
el, (NameMap.add (fst vIiName) el Tocals, globals)
else if snd vlType = "globals" then
el, (locals, NameMap.add (fst vIiName) el globals)
else raise (Failure ("Fatal error™)))
else raise (Failure ("Cannot assign to: " A fst vlType))
| "point" ->
if vlidType = "id" then
(if snd vliType = "locals" then
el, (NameMap.add (fst vIiName) el Tocals, globals)
else if snd vlType = "globals" then
el, (locals, NameMap.add (fst vIiName) el globals)
else raise (Failure ("Fatal error™)))
else if vlIdType = "member" then
if fst viType = "player"” then
if snd viName = "p_point" then
if getType el = "point" then
if sng vlType = "Tocals" then
el,
((getPlayer (NameMap.find (fst vlName)
Tocals)) .p_point.x <- (getPoint el).x);
((getPlayer (NameMap.find (fst vlName)
Tocals)) .p_point.y <- (getPoint el).y);
(Tocals, globals))
else if %nd vlType = "globals" then
el,
((getPlayer (NameMap.find (fst vlName)
globals)).p_point.x <- (getPoint el).x);
((getPlayer (NameMap.find (fst vlName)
globals)).p_point.y <- (getPoint el).y);
(Tocals, globals))
else raise (Failure ("Fatal error™))
else raise (Failure ("Invalid value of i_point: " A
getString el A ", Type of the argument should be point."))
else raise (Failure ("Fatal
error™))
else if fst vliType = "item" then
if snd viName = "i_point" then
if getType el = "point" then
if sng V%Type = "locals" then
el,
((getItem (NameMap.find (fst vlName)
Tocals)).i_point.x <- (getPoint el).x);
((getItem (NameMap.find (fst vlName)

(Tocals, globals))
else if snd vliType = "globals" then
el,

Tocals)).i_point.y <- (getPoint el).y);

(
((getItem (NameMap.find (fst vlName)
Tocals)).i_point.x <- (getPoint el).x);

((getItem (NameMap.find (fst vlName)
Tocals)).i_point.y <- (getPoint el).y);
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(Tocals, globals))
else raise (Failure ("Fatal error™))
else raise (Failure ("Invalid value of i_point: " A
getString el A ". Type of argument should be point."))
else raise (Failure ("Fatal
error"))
else raise (Failure ("Cannot assign value to: " A fst
viType))
else raise (Failure ("Cannot assign value to: " A fst vlType))
-> (* player, point, point *)
if vlIdType = "id" then
(if snd vliType = "locals" then
el, (NameMap.add (fst vIiName) el Tocals, globals)
else if snd vlType = "globals" then
el, (locals, NameMap.add (fst vIiName) el globals)
else raise (Failure ("Fatal error™)))
else raise (Failure ("Cannot assign value to: " A fst
viType))
else if vlIdType = "id" then
raise (Fa11ure « Cannot assign: " A fst viType A " =" A elType))
else if vlIdType = "member" then
raise (Failure ("Cannot assign: " A vlRetType A " =" A elType))
else raise (Failure ("Fatal error™))
| Not(var) ->
Tet vnew, envnew = eval env var in
if getType vnew = "bool" then
Bool (not (getBool vnew)), envnew
else raise (Failure ("Data type mismatch: " A getType vnew))
(* built-in sfunction setPlayer(player) *)
| call("setpPlayer", [e]) ->
let v, env = eval env e in
Tet vlinfo =
match e with
d (1) -> ("id", G, ")
. | _ -> raise (Fa11ure ("Teft side must be an identifier or a member"))
in
Tet vlName = snd vlinfo in
Gif ?etType v = "player" then
et pacman = getPlayer(v) in
(if((stringvap.mem (string_of_int(pacman.p_point.x) A "," A
string_of_int(pacman.p_| po1?t .y)) !pointMap) = false) then
ignore
let tmp = new player in
tmp#setSpeed 5;
tmp#getPoint#setX (pacman.p_point.x*100+50);
tmp#getPoint#setY (pacman.p_point.y*100+50);
mymap#setPlayer tmp;
pointMap := StringMap.add (string_of_int(pacman.p_point.x) A ","
A string_of_int(pacman.p_point.y)) vliName !pointMap;

num_items := !num_items +1;
else
] raise (Failure ("This point has been used (setPlayer(player))™)));
else
raise (Failure ("type mismatch: !" A getType Vv)));

Int(0), env

(* built-in function addGhost(item) *)
| call("addGhost", [e]) ->
let v, env = eval env e in
Tet vlinfo =
match e with
d (i) -> ("id", G, ")
| _ -> raise (Failure ("Left side must be an identifier or a
member")) in
let vlName = snd v1Info 1n
(if getType v = "item" then
Tet ghost = getItem(v) in

(if((stringMap.mem (str1n% _of_int(ghost.i_point.x) A "," A
string_of_int(ghost.i_point. y)% IpointMap) alse) then
ignore

if ghost.i_type = 3 then

let tmp = new item in

tmp#setSpeed 5;

tmp#setType 1;

tmp#getPoint#setX (ghost.i_point.x*100+50) ;

tmp#getPoint#setY (?host.i_point.y*100+50);

tmp#setLevel ghost.level;

tmp#setColor ((Random.float 1.), (Random.float 1.),
(Random.float 1.));

tmp#setRadius 0.49;
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mymap#addGhost tmp;
pointMap := StringMap.add (string_of_int(ghost.i_point.x) A
"," A string_of_int(ghost.i_point.y)) vlName !pointMap;
num_items := !num_items +1;
else
raise (Failure ("Data type mismatch: This item is not
GHOST™));

else
] raise (Failure ("This point has been used (addGhost(Item))")));
else
raise (Failure ("Data type mismatch: " A getType v)));
Int(0), env

(* built-in function addBarrier(item) *)
| call("addBarrier", [e]) ->
let v, env = eval env e in
Tet vlinfo =
match e with
d (i) -> ("id", G, ")
. | _ -> raise (Failure ("Left side must be an identifier or member access™))
in
Tet vlName = snd vlinfo in
(if ?etType v = "item" then
et barrier = getItem(v) 1in
(if((stringmap.mem (string_of_int(barrier.i_point.x) A "," A
string_of_int(barrier.i_point.%)) IpointMap) = false) then
ignore
if barrier.i_type = 4 then
Tet tmp = new item in
tmp#setType 0;
tmp#getPoint#setX (barrier.i_point.x);
tmp#getPoint#setY (barrier.i_point.y);
mymap#addBar tmp;
pointMap := StringMap.add (string_of_int(barrier.i_point.x) A
"," A string_of_int(barrier.i_point.y)) vlName !pointMap;
num_items := !num_items +1;
else
raise (Failure ("Data type mismatch: This item 1is not
BARRIER")))
else
] raise (Failure ("This point has been used (addBarrier(Item))")));
else
raise (Failure ("Data type mismatch: " A getType v)));
Int(0), env
(* built-in function addBarrier(item) *)
| call("addBarrier", [el ; e2]) ->
Tet vl, env = eval env el in
let v2, env = eval env e2 in
(if getType vl = "int" && getType v2 = "int" then
(if getInt vl >=1 && getInt vl <=13 && getInt v2 >=1 && getInt v2 <=13

then
1%nore(
it ((stringmap.mem (string_of_int(getInt v1) A "," A
sﬁring_of_int(getlnt v2)) !pointMap) = false)
then
et tmp = new item in
tmp#setType O;
tmp#getPoint#setX (getInt vl);
tmp#getPoint#setY (getInt v2);
mymap#addBar tmp;
pointMap := StringMap.add (string_of_int((getInt v1)) A "," A
string_of_int((getInt v2))) ("barrier_tmp","") !pointMap;
num_items := !num_items +1;
else
) raise (Failure ("This point has been used (addBarrier(int x,int
y

else
raise (Failure ("value error: The value should be between 1 to 13.
( argl=" A st{ing_of_int(getlnt vl) A", arg2=" A string_of_int(getInt v2) A ".) "))
else
raise (Failure ("Data type mismatch: argl=" A getType vl A ", arg2=" A
getType v2 A ".")));
Int(0), env
(* built-in function addGift(item) *)
| call("addGift", [e]) ->
let v, env eval env e 1in
let vlinfo
match e with
Id (i) -> ("id", G, "")
| _ -> raise (Failure ("left side of assignment must be an identifier or
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member access")) in
Tet viName = snd vlInfo in
(if getType v = "item" then
let gift = getItem(v) 1in

(if((stringvap.mem (str1ng of_int(gift.i_point.x) A "," A
string_of_int(gift.i_point.y)) !pointMap) = false) then
ignore(

if gift.i_type = 5 then
let tmp = new item in
tmp#setType 2;
tmp#getPoint#setX (gift.i_point.x*100+50);
tmp#getPoint#sety (gift.i_point.y*100+50);
tmp#setColor gift.color;
tmp#setLevel gift.Tlevel;
tmp#setRadius 0.35;
tmp#setDuration 200;
mymap#addGift tmp;
pointMap := StringMap.add (string_of_int(gift.i_point.x) A
"," A string_of_int(gift.i_point.y)) viName !pointMap;

num_items := !num_items +1;
else
raise (Failure ("Data type mismatch: This item is not
GIFT")))
else
] raise (Failure ("This point has been used (addGift)")));
else
raise (Failure ("Data type mismatch: " A getType v)));

Int(0), env

(* built-in function getMapW1dth()
| call("getmapwidth", []1) -
Int(15), env

(* built-in function getMapHe1ght() *)
| call("getmapHeight", []) -
Int(15), env
(* built-in function play() *)
| call("play”, [1) ->
show_pacman mymap;
Int(0), env
(* built-in function getMapItemName(point) *)
| call("getmapItemName", [e]) ->
Tet v, env = eval env e in
Gif ?etType v = "point" then
et point = getPoint(v) 1in

(if((stringmap.mem (str1ng of _int(point.x) A "," A
string_of_int(point.y)) !pointMap) = true) then
String(fst (SstringMap.find (string_of_int(point.x) A "," A
string_of_int(point.y%) IpointMap)),env
else
String(""),env)
else
raise (Failure ("Data type mismatch: " A getType v)));

(* built-in function isPointAvailable(point) *)
| call("isPointAvailable™, [e]) ->
Tet v, env = eval env e in
(if getType v = "point" then
let point = getPoint(v) in
(if((stringMap.mem (string_of_int(point.x) A "," A
string_of_int(point.y)) !pointMap) = false) then

Bool(true),env

e
Bool(false),env)
else
raise (Failure ("Data type mismatch: " A getType v)));
(* built-in function getAvailablePoint(point) *)
| call("getAvailablepoint"”, []) ->
if 'num_items < 169 then
let r = ref 1 in
while !'r > 0 do

avail_x := (Random.int 13)+1;
avail_y := (Random.int 13)+1;
if((stringMap.mem (string_of_int(!avail_x) A "," A

string_of_int(!avail_y)) !pointMap) = false) then
r :=0;
done;
] Point({x=(!lavail_x); y=(lavail_y)}) ,env
else
raise (Failure ("No available space.™));
(* built-in function print(DATATYPE) *)
[ call("print", [e]) ->
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let v, env = eval env e in
(if getType v = "int" then
print_endline (string_of_int (getInt v))
else if getType v = "string" then
print_endline (getString v)
else if getType v = "bool" then
print_endline (string_of_bool (getBool v))
else if getType v = "point" then
print_endline ("(" A string_of_int (getPoint v).x A " | " A
string_of_int (getPoint v).y A "))
else
print_endline(getType Vv));
Int(0), env

| call(f, actuals) -> (* check *)

Tet fdecl =

try NameMap.find f func_decls
. with Not_found -> raise (Failure ("Undefined function: " A f))
in

Tet actuals, env = List.fold_left
(fun (actuals, env) actual ->
let v, env = eval env actual in v :: actuals, env)
. ([1, env) actuals
in
Tet (locals, globals) = env 1in
try
Tet globals = call fdecl (List.rev actuals) globals
in Bool false, (locals, globals)
. with ReturnException(v, globals) -> v, (locals, globals)
in
(* Execute a statement and return an updated environment *)
Tet rec exec env = function
Block(stmts) -> List.fold_left exec env stmts
| Expr(e) -> let _, env = eval env e in env
| 1f(e, sl, s2) ->
let v, env = eval env e in
exec env (if getBool v != false then sl else s2)
| while(e, s) ->
Tet rec loop env =
let v, env = eval env e in
if getBool v != false then loop (exec env s) else env
in loop env
| For(el, e2, e3, s) ->
let _, env = eval env el in
let rec loop env =
let v, env = eval env e2 in
if getBool v != false then
let _, env = eval (exec env s) e3 in
Toop env
else
env
in Toop env
| Return(e) ->
Tet v, (locals, globals) = eval env e 1in
if getType v = fdecl.rettype then
] raise (ReturntException(v, globals))
else
raise (Failure ("Function " A fdecl.fname A " returns " A getType v A
" instead of " A fdecl.rettype))
in (* done with below *)
(* call: enter the function: bind actual values to formal args *)
Tet locals =
try List.fold_left2
(fun locals formal actual ->
NameMap.add formal.paramname actual locals)
NameMap.empty fdecl.formals actuals
with Invalid_argument(_) ->
. raise (Failure ("wrong number of arguments to: " A fdecl.fname))
in
Tet Tocals = List.fold_left (* set local variables to 0 *)
(fun locals local -> NameMap.add Tocal.varname (init local.vartype) locals)
Tocals fdecl.locals
in (* Execute each statement; return updated global symbol table *)
snd (List.fold_left exec (locals, globals) fdecl.body)

(* run: set global variables to 0; find and run "main" *)
in let globals = List.fold_left
(fun globals vdecl -> NameMap.add vdecl.varname (init vdecl.vartype) globals) (*
vdecl is the identifier, "X" *)
NameMap.empty vars
in try
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call (NameMap.find "main" func_decls) [] globals
with Not_found -> ) ) ) )
raise (Failure ("Did not find the main() function"))

Appendix A.5 — game.ml

open Classes;;

(* dnitial map *)

let map_bar = [|[|1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1|];
[|1; 0; 0; 0; O; O; O; O; O; O; O; O; O; O; 1[];
[|1; 0; O; O; O; O; 0; O; O; O; O; O; 0; 05 11];
[|1; 0; O; O; O; O; O; O; O; O; O; O; 0; 05 1]];
[|1; 0; 0; 0; O; O; O; O; O; O; O; O; O; O; 1[];
[|1; 0; O; O; O; O; 0; O; O; O; O; O; 0; 05 1f];
[|1; 0; 0; 0; O; O; O; O; O; O; O; O; O; O; 1[];
[|1; 0; O; O; O; O; O; O; O; O; O; O; 0; 05 1f];
[[1; 0; 0; 0; O; 0; O; O; O; O; O; O; O0; 0; 1[];
[|1; 0; O; O; O; O; O; O; O; O; O; O; 0; O; 1[];
[|1; 0; O; O; O; O; O; O; O; O; O; O; 0; 05 1f];
[|1; 0; O; O; O; O; 0; O; O; O; O; O; 0; 05 11];
[|1; 0; O; O; O; O; O; O; O; O; O; O; 0; 05 1]];
[|1; 0; 0; 0; O; O; O; O; O; O; O; O; O; O; 1[];
[11; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1]]11]

let gmap = new gamemap;;

Tet map_width = float(15);;

Tet map height = float(15);;

Tet pi 3.14159265;;

let r = 0.49,,

let v = 0.05;;

Tet width = 1.;;

let colorb = (0.2, 0.2, 0.8);;
Tet total_score = ref 0;;

let pacman = new player;;

Tet ghost_g = new item;;

let gift_g = new item;;

Tet px = ref 7.5;;
let py = ref 7.5;;
let vx = ref 0.0;;

Tet vy = ref 0.0;;
let next_dir = ref 0;;
Tet now_dir = ref 0;;
let colorp = (1., 1., 0.);;
Tet counter = ref 0;;
let circle x px py r = [(sin x) *. r +. px, (cos xX) *. r +. pyl;;
(* check if the pacman and ghosts hit the bar *)
Tet check_hit_bar_x x y =
if map_bar. (truncate (y /. width)).(truncate (x /. width)) = 1 |

|

map_bar. (truncate ((y +. r) /. width)).(truncate (x /. w1dth)) =1 |
map_bar. (truncate ((y -. r) /. width)).(truncate (x /. width)) = 1 then
true

else false

et check_hit_bar_y x y =

if map_bar. (truncate (y /. width)).(truncate (x /. width)) = 1 |
map_bar (truncate (y /. width)).(truncate ((x +. r) /. width)) =1 ||
map_bar. (truncate (y /. width)).(truncate ((x -. r) /. width)) = 1 then

true
else false

—_——~

check if the item need to change the direction *)
et check_item_change_dir item =
(*if (vx = 0.) && ((abs_float (y-.float(truncate(y)))) < 0.05) &&*)
if (item#getNowDir = 0 || item#getNowDir = 2) && (item#getMoveCounter <= 0) &&
(C((item#getPoint)#getX-50) mod 100) < 1item#getSpeed) &&
(map_bar. ((item#getPoint)#gety / 100 + 1).((item#getPoint)#getx / 100) != 1 ||
map_bar. ((item#getPoint)#gety / 100 - 1).((item#getPoint)#getx / 100) != 1) then
true
else if (item#getNowDir = 1 || item#getNowDir = 3) & (item#getMoveCounter <= 0) &&
(C(((item#getPoint)#getY-50) mod 100) < 1item#getSpeed) &&
(map_bar. ((item#getPoint)#gety / 100).((item#getPoint)#getx / 100 + 1) != 1 ||
map_bar. ((item#getPoint)#gety / 100).((item#getPoint)#getx / 100 - 1) != 1) then
true
else if ((item#getvelocity)#getX = 0) && ((item#getvelocity)#gety = 0) then
true
else false;
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set the velocity of an item *)
set_item_v vxx vyy item =
(item#getvelocity)#setX vxx;
(item#getvelocity)#setY vyy;
item#setNowDir 1item#getNextDir;

read from keyboard *)
keyboard ~key ~x ~y =
match key with

27 -> exit O
113 -> exit O

special_key ~key ~x ~y =

match key with

Glut.KEY_LEFT -> pacman#setNextDir 0
Glut.KEY_UP -> pacman#setNextDir 1
Glut.KEY_RIGHT -> pacman#setNextDir 2
Glut.KEY_DOWN -> pacman#setNextDir 3

_ -> print_endline("special key pressed")

set the new location of an item %)
move_item item =
if (item#getNextDir = 0) &

_ -> ignore (Printf.printf "Key: %c %d pressed.\n%!" (char_of_int key) key)

not (check_hit_bar_x (((f]oat((1tem#getPo1nt)#getx) -. (float(item#getSpeed))) /.

) -. item#getRadius)

(float((item#getPoint)#gety) /. 100.))

then set_item_v (- item#getSpeed) 0 item
else if (item#getNextDir = 1) &&

not (check_hit_bar_y (float((item#getPoint)#getX) /. 100.)
(((float((item#getPoint)#getY) +. (float(item#getSpeed))) /.

) +. item#getRadius))
then set_item_v 0 1item#getSpeed 1item
else if (item#getNextDir = 2)

&&
not (check_hit_bar_x (((float((item#getPoint)#getX) +. (float(item#getSpeed))) /.

) +. item#getRadius)

(float((item#getPoint)#gety) /. 100.))

then set_item_v 1item#getSpeed 0 1item
else if (item#getNextDir = 3) &&

not (check_hit_bar_y (float((item#getPoint)#getx) /. 100.)
(((float((item#getPoint)#getY) -. (float(item#getSpeed))) /.

) -. item#getRadius))
then set_item_v 0 (- item#getSpeed) item
else if (item#getNextDir = -1)
then set_item_v 0 O item;
if (1tem#getVe1ocity)#%etx > 0 &&
(check_hit_bar_x ((float((item#getPoint)#getX)

/. 100. +. item#getRadius)
/. 100.) )

((float((item#getPoint)#getY)

then (item#getvelocity)#setX 0
else if (1tem#getve1ocity)#getx <0 &
(check_hit_bar_x ((float((item#getPoint)#getX)

/. 100. -. item#getRadius)
/. 100.) )

((float((item#getPoint)#gety)

then (item#getvelocity)#setX 0
else if (item#getvelocity)#gety > 0 &&
(check_hit_bar_y ((float((item#getPoint)#getX)

/. 100.)

((float((item#getPoint)#gety)

/. 100. +. item#getRadius) )

then (item#getvelocity)#sety 0
else if (1tem#getVe1ocity)#getY < 0 &&

/. 100 gcheck hit_bar_y ((float((item#getPoint)#getX)
- . ((float((item#getPoint)#gety)
/. 100. -. item#getRadius) )

’

(7’:

Tet draw_item item =

then (item#getvelocity)#sety 0;

. float((item#getvelocity)#getX))
. float((item#getvelocity)#getY))

. float((item#getvelocity)#getX))

. float((item#getvelocity)#gety))

. float((item#getvelocity)#getX))
. float((item#getvelocity)#getY))

. float((item#getvelocity)#getX))
. float((item#getvelocity)#getY))

if ((item#getvelocity)#getX = 0) && ((item#getvelocity)#gety = 0) then item#setNowDir

&item#getPoint)#setx ((item#getPoint)#getX + (item#getVelocity)#getX);
(item#getPoint)#sety ((item#getPoint)#getY + (item#getvelocity)#gety);

draw an item on the screen*)
Glbraw.color (item#getColor);

Glbraw.begins "polygon;
for i=0 to 359 do
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List.iter GlDraw.vertex2 (circle (2. *. pi *. float i /. 360.)
(float((item#getPoint)#getx) /. 100.) (float((item#getPoint)#gety) /. 100.)

(item#getRadius))
done;
Glbraw.ends () ;

Tet r0 = ref 0;;

let rl = ref 0;;

let r2 = ref 0;;

let r3 = ref 0;;

let r_array = [|r0; r1; r2; r3|]1;;

Tet dO = ref 0;;

let d1 = ref 0;;

let d2 = ref 0;;

let d3 = ref 0;;

Tet dis_now = ref 0;
let d_array = [|dO; dl d2; d3|]1;;
Tet get_weight_ random_dir ran =
if ran < !'r0 then 0
else if ran < (!r0) + (!rl) then 1
e}se ;f ran < (!r0) + (!'rl) + (!'r2) then 2
else

et set_bar_dir item =

if (check_hit_bar_x (((float((item#getPoint)#getxX) -. (float(item#getSpeed))) /.
100.) -. item#getRadius)
(float((item#getPoint)#getY) /. 100.))
then r0 := 1;
if (check_hit_ bar _y (float((item#getPoint)#getX) /. 100.)
(((float((item#getPoint)#getY) +. (float(item#getSpeed))) /.
100.) +. 1tem#getRad1us))
then rl :=
if (check_hit_ bar x (((float((item#getPoint)#getxX) +. (float(item#getSpeed))) /.
100.) +. item#getRadius)
(float((item#getPoint)#getY) /. 100.))
then r2 := 1;
if (check_hit_bar_y (float((item#getPoint)#getx) /. 100.) .
(((float((item#getPoint)#gety) -. (float(item#getSpeed))) /.
100.) -. item#getRadius))
then r3 :=1;

(* calculate the distance between pacman and ghost *)
Tet calculate_dist item =
d0 := abs((item#getPoint#getX - 100) - pacman#getPoint#getX) +
abs((item#getPoint#getY) - pacman#getPoint#getY);
dl := abs((item#getPoint#getX) - pacman#getPoint#getX) +
abs((item#getPoint#gety + 100) - pacman#getPoint#gety);
d2 := abs((item#getPoint#getX + 100) - pacman#getPoint#getX) +
abs((item#getPoint#getY) - pacman#getPoint#getY);
d3 := abs((item#getPoint#getX) - pacman#getPoint#getX) +
abs((item#getPoint#gety - 100) - pacman#getPoint#gety);
dis_now := abs((item#getPoint#getX) - pacman#getPoint#getX) +
abs ((item#getPoint#getY) - pacman#getPoint#getY);
(* difficulty level *)
Tet Tv2_ai item =
ro := 25;
rl := 25;
r2 := 25;
r3 := 25;

if item#getNowDir >=0 && 1item#getNowDir <=3 then

r_array. (item#getNowDir) := 5;
calculate_dist item;
for i=0 to 3 do

if (!(d_array.(i)) < !dis_now) then

r_array. (i) := 2000;

done;
set_bar_dir item;
get_weight_random_dir (Random.int (!r0 + !rl + !r2 + !r3))

et Tvl_ai item =

ro := 25;

rl := 25;

r2 := 25;

r3 := 25;

if 1tem#getNowD1r >=0 && item#getNowDir <=3 then
r_array. (item#getNowDir) := 5;

calculate_dist item;
for i=0 to 3 do
if (!(d_array.(i)) < !dis_now) then
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r_array. (i) := 100;
done;
set_bar_dir item;
get_weight_random_dir (Random.int (!rO + !rl + !Ir2 + !r3))

et Tv0_ai item =

ro := 25;
rl := 25;
r2 := 25;
r3 := 25;

set_bar_dir item; .
get_weight_random_dir (Random.int (!r0 + !rl + !r2 + !r3))

let Tv_array = [|1vO_ai; Tvl_ ai; Tv2_aill;;
let set_item_next_dir item =
item#setMoveCounter 13;
item#setNextDir (1v_array.(item#getLeve1) item);

( set the pacman as a global variable*)
Tet set_pacman player =
pacman#setSpeed player#getSpeed;
pacman#getPoint#setX player#getPoint#getX;
pacman#getPoint#sety p1ayer#?etPo1nt#getY
pacman#setColor player#getColo
* generate gifts *)
et gene_gift mainMap x y =
Tet gift = new item in
gift#setType 2;
(gift#getPoint)#setX ((x*100)+50);
(gift#getPoint)#sety ((y*100)+50);
gift#setColor (0.3, 0.3, 0.);
gift#setRadius 0.1;
mainMap#addGift gift

—_——

Tet generate_g mainMap =
let rec draw_into_map b_1list =
match b_Tlist with
[1->0
| hd::t1 ->
map_bar. (hd#getPoint#getY) . (hd#getPoint#getX) <- 1;
draw_into_map t1
in draw_into_map mainMap#getBars;
let x = ref 0 in
let y = ref 0 in
for i=1 to 20 do
while map_bar (ly).(Ix) =0 do
x =1+ (Random int 13);

y := 1 + (Random.int 13),
done;
gene_gift mainmMap !x ly;
x :=0;
y = 0;
done

(* set the map as a global variable *)

Tet set_map mainMap =
gmap#setPlayer mainMap#getPlayer;
gmap#assignGhosts mainMap#getGhosts;
gmap#assignGifts mainMap#getGifts;
gmap#assignBars mainMap#getBars;
set_pacman mainMap#getPlayer;
generate_g gmap;

print message and exit *)
et game_over message =
print_string("Score: ");
print_int(!total_score);
print_endline("");
print_endline(message);
exit 0;

—_—~
.

l ;
(* control and draw pacman *)
Tet show_pacman mainMap =

set_map mainMap;

1?nore (Glut.init Sys.argv);
Glut.initDisplayMode ~double_buffer:true (;
Glut.initwindowSize ~w:512 ~h:512;

1?nore (Glut.createwindow ~title:"OpenGL Demo");
GlClear.color (0.0, 0.0, 0.0);
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GlDraw.shade_model "smooth;
Tet_render () =
GIMat.mode projection;
GIMat.load_identity ();
GluMat.ortho2d ~x: (0., map_width) ~y: (0., map_height);
GIMat.mode "modelview;
GIMat.load_identity ();
GlClear.clear [ "color ];

Tet change_back p =
p#setColor (1., 1., 0.);
p#setSpeed 5
p#setStatus "normal";

in let deal_status p =
p#setTime (p#getTime - 1);
if p#getTime <= 0 then

change_back p;

in let check_status p =
if not (p#getStatus = "normal™) then

. deal_status p;

in check_status pacman;

move_item pacman;

let g4 g p =

p#setStatus '"normal";

total_score := !total_score + 100;
in let g3 g p

p#setstatus "killer";
p#setTime g#getDuration;
p#setco]or g#getcColor;

in let gl g p
p#setSpeed 10;
p#setStatus "fast";
p#setTime g#getDuration;
p#setco]or g#getColor;

in let g2 g p
p#setSpeed l
p#setStatus "slow";
p#setTime g#getDuration;
p#setColor g#getColor;

in let deal_gift g p =
total_score := (!total_score + g#getScore);
print_string("score: ");
print_int(!total_score);
print_ end11ne(""),
if g#getLevel = 1 then

gl gp

else if g#getLevel = 2 then
g2 g p

else if g#getLevel = 3 then
g3 gp

else if g#getLeve1 = 4 then

g4 g
g#setLeve1 (—
if(List.length gmap#getG1fts) 1 then
ame_over("You win!!!1");
in let check_gift g p =
if (abs (p#getPoint#getX - g#getPoint#getX) +
abs (p#getPoint#getY - g#getPoint#gety) )
<h(truncate((p#getRadius +. g#getRadius) *. 100.
then
deal_gift g p
else
draw_item g;
in let rec check_gifts glist player =
match glist with

[1->[1]
[ gl::t1 ->
check_gift gl player;
if ((gl#getLevel) != -1) then
] gl:: (check_gifts t1 player)
else

check_gifts t1 player

in
gmap#assignGifts (check_gifts gmap#getGifts pacman);
draw_item pacman;
let move_ghost ghost =

if (check_item_change_dir ghost) then

set_item_next_dir ghost;

move_item ghost;

ghost#setMoveCounter (ghost#getMoveCounter -1);
in let rec move_ghosts mlist =
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match mlist with

move_ghost ml;
draw_item ml;
move_ghosts t1;
in move_ghosts gmap#getGhosts;
Tet kill_ghost m =
m#setLevel (- 1);
total_score := !total_score + (10 * m#getLevel);
in let deal_ghost m p =
if p#getStatus = "killer" then
kiTl_ghost m
else
%ame_over("Game over -- You Lose!!! -- You are killed by a ghost");
in let check_ghost m p =
if (abs (p#getPoint#getX - m#getPoint#getX) +
abs (p#getPoint#getY - m#getPoint#gety) )
<h(truncate((p#getRadius +. m#getRadius) *. 100.))
then
deal_ghost m p;
in let rec check_ghosts mlist player =
match mlist with
[1->[]
[ ml::t1 ->
check_ghost ml player;
if ((ml#getLevel) != -1) then
ml:: (check_ghosts t1 player)
else
. check_ghosts t1 player
in
gmap#assignGhosts (check_ghosts gmap#getGhosts pacman);
GlDbraw.color colorb;
Tet draw_box x y width =
GlDraw.begins "1line_Tloop;

List.iter GlDraw.vertex2 [x *. width, y *. width;
(x +. width ) *. width, y *. width;
(x +. width ) *. width, (

y +. width ) *. width;
x *. width, (y +. width ) *. width];
Glbraw.ends ();
in
let rec print_map_raw r x y =
if float(x) < map_width then
if r.(x) = 1 then
draw_box (float(x)) (float(y)) width;
if float(x) < map_width then
print_map_raw r (x+1) vy;
in let rec print_map_bar my =
if float(y) < map_height then
print_map_raw m.(y) 0 y;
if float(y) < map_height then
print_map_bar m (y+1);
in print_map_bar map_bar O;
G1.flush O;
Glut.swapBuffers () in
Glut.displayFunc ~cb:render;
Glut.idleFunc ~cb: (Some Glut.postRedisplay);
Glut.keyboardFunc ~cb: (keyboard) ;
Glut.specialFunc ~cb: (special_key);
Glut.mainLoop (O

Appendix A.6 — classes.ml

class point =
object
val mutable
val mutable
method setX
method setY
method getX
method gety
end;;
class player =
object
val mutable speed = 0

X <- new_x
y <- new_y
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val mutable status = "normal"
val mutable p = new point
val mutable v = new point
val mutable color = (1.,1.,0.)
val mutable remaining_time = 0
val mutable next_dir = 0
val mutable now_dir = 0
val mutable move_counter = 0
val mutable r = 0.49
method setSpeed new_speed = speed <- new_speed
method getSpeed = speed
method setStatus new_status = status <- new_status
method getStatus = status
method setPoint new_point = p <- new_point
method getPoint = p
method setvelocity new_point = v <- new_point
method getvelocity = v
method setColor new_color = color <- new_color
method getColor = color
method setTime new_time = remaining_time <- new_time
method getTime = remaining_time
method setNextDir new_next_dir = next_dir <- new_next_dir
method getNextDir = next_dir
method setNowDir new_now_dir = now_dir <- new_now_dir
method getNowDir = now_dir
method setMoveCounter new_move_counter = move_counter <- new_move_counter
method getMoveCounter = move_counter
method setRadius new_radius = r <- new_radius
method getRadius = r

end;;

class item =

object
val mutable speed = 0
val mutable i_type = 0
val mutable duration = 0
val mutable p = new point
val mutable v = new point

val mutable color = (1.,1.,1.)
val mutable r = 0.0

val mutable Tevel = 0

val mutable score = 10

val mutable next_dir = 0

val mutable now_dir = 0

val mutable move_counter = 0

method setSpeed new_speed = speed <- new_speed

method getSpeed = speed

method setType new_type = i_type <- new_type

method getType = i_type

method setDuration new_duration = duration <- new_duration
method getDuration = duration

method setPoint new_point = p <- new_point

method getPoint = p

method setvelocity new_point = v <- new_point

method getvelocity = v

method setColor new_color = color <- new_color

method getColor = color

method setNextDir new_next_dir = next_dir <- new_next_dir
method getNextDir = next_dir

method setNowDir new_now_dir = now_dir <- new_now_dir
method getNowDir = now_dir

method setMoveCounter new_move_counter = move_counter <- new_move_counter
method getMoveCounter = move_counter

method setRadius new_radius = r <- new_radius

method getRadius = r

method setLevel new_level = Tevel <- new_level

method getLevel = Tevel

method setScore new_score = score <- hew_score

method getScore = score

class gamemap =
object

val mutable pacman = new player
val mutable Tist_bar: item list = []
val mutable Tist_ghost: item Tist = []
val mutable Tist_gift: item Tist = []
method setPlayer new_player = pacman <- new_player
method getPlayer = pacman
method addBar new_item = list_bar <- new_item::list_bar
method getBars = list_bar
method addGhost new_item = Tist_ghost <- new_item::1ist_ghost
method getGhosts = Tist_ghost
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method addGift new_item = Tist_gift <- new_item::Tist_gift
method getGifts = list_gift
method assignGhosts new_list = list_ghost <- new_list;
method assignBars new_list = list_bar <-new_list;
gethod assignGifts new_list = Tist_gift <-new_list;

end;;

Appendix A.7 — pacaml.ml

Tet _ =
Tet lexbuf = Lexing.from_channel stdin in )
let program = Parser.program Scanner.token Texbuf in
ignore (Interpret.run program)
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Appendix B — Makefile

OBJS= classesmo scannecmo gamemo astmo parsecmo interpretmo pacameémc
TARFILES = Makefile scannemll parsemly \

as.mli myclasse.ml gameml interpre.ml pacarr.ml \
pacaml: $(OBJS

ocamlc| +lablGL lablglcma lablglutma strcma unixcma-o pacaml $0BJS

scanneml : scannemll
ocamllex scannenll

parseml parsemli : parsemly

ocamlyacc parsenly
gamecmo classesmo gamenl

ocamicl +labIGL lablglcma lablgluttma strcma unixcma classesmo gamenl
%.cmo: %.ml

ocamlcc $<

%.cmi: %.mli
ocamlc-c $<
clean:
rm -f pacaml pars.ml parse.mli scanne.ml a.out*.cmo*.cmi
astcmo:
astcmx:
interpre.cmc: as.cmo
interpretcmx: astcmx
pacamicmao scannecmo parsecmi interpretcmo\
as.cmo
pacamicmx: scannecmx parsecmx interprecmx\
astcmx
parsercmo: astcmo parsecmi
parsercmx astcmx parsecmi
scannecma parsercmi
scannecmx parsercmx
parsercmi: astcmo
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Appendix C.1 — hello_world.pacaml

/* Test print function */
void mainQ)
{
string str;
str = "helloworld";
print(str);

print("Hellowor1d2");

Appendix C.2 — hello test_arith.pacamill
/* Test the integer arithmetic functionality*/
goid main()

//Test point arithmetic

point pl;
point p2;
pl.x = 4;
pl.y = 3;
p2.x = 1;
p2.y = 2;

print("Plus");
print(pl+p2);
print("Minus");
print(pl-p2);

print("Multiply");
print(pl*p2);

print("Divide");
print(pl/p2);

//Test integer arithmetic
print("Integer");

print( 1 + 5 );

s with integer arithmetic
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Appendix C.3 — test_assignment.pacami

*

) Test the functionality of assignment */
void main()

int a;
int b;
int c;
point p;
a = 1;

//Assigning variables
print(a);
print(b=a);

//Assigning members
p.x = 6;

p.y = 2;
print(p.x);
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print(p.y);

//Success1ve ass1gnment

print(a = b = p.x = p.y = 13);
print(a);

print(b);

print(c);

print(p.x);

print(p.y);

//Testing additional assignment operators
print(a += 1);

print(a++); //++ is equivalent to x += 1;
print(a -= 1);
print(a--); //-- is equivalent to x -= 1;

print(a *= 10);
print(a /= 2);
print(a %= 2);

//self-assignment
print(a = a);

Appendix C.4 — test_fib.pacaml

*

/ _ Test recursive */
int fib( int x )

}f (x < 2)
return 1;
else

return fib(x-1) + fib(x-2);

}
goid main()
print(fib(0));
print(fib(1));
print(fib(2));
print(fib(3));
4));
5));

print(fib(
print(fib(

Appendix C.5 —test_for.pacaml

/* Testing the for statement in m. */
void mainQ)
¢ int i;

Eor( i=0; 1 < 10; i++)

print(i);
}

Appendix C.6 — test_func.pacaml

or

Testing function */
int plus( int a, int b )
{

return a + b;

}
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int minus(C int a, int b)
{
return a - b;
}
void main(Q)

print(plus( 1, 2 ));
print(minus( 1, 2°));

Appendix C.7 — test_gcd.pacaml

/* Testing a more complex function in m. */
int gcd(int a, int b)

?h11e (a !'=b)

}f(a > b)
a=a- b;
else
b=>b- a;
}
}
return a;

}. .
void main(Q)
print(gcd(4, 14));

print(gcd(6,18));
print(gcd(169,65));

Appendix C.8 — hello test_if.pacami

/* Test the if statement */

goid main()

}f(l)

print( 0 );
¥
}f(O)
) print( 1 );
else
{ .

print( 2 );
¥

Appendix C.9 — test_logic.pacaml

/* Test the logic functionality */

goid main()

print("NOT");
print( !(1==1) );
print( !(1==2) );
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print("AND");
print( (1==1) &&
print( (1==1) &&
print( (1==2) &&
print( (1==2) &&
print("orR");
print( (1==1) ||
print( (1==1) II
[l

print( (1==2)
print( (1==2)

NN N
NN NN\
NN NN
A AAAA

print( 1 !=
print( 1 !=
print("less
print( 1 <
print( 2 <
print("LessEq
print( 1 <= 2 );
print( 1 <=1 );
print( 2 <=1 );
print("Greater");
print( 1 > 2 );
print( 2 > 1 );
print("GreatereEqual");
print( 1 >= 2 );
print( 1 >=1 );
print( 2 >= 1 );

print("order™);
print( !(1==1) || (1==1) );
print( !'( (1==1) || (1==1) ) );

true && true)

true && false)
false && true)
false && false)

true || true)

true || false)
false || true)
false || false)

Appendix C.10 — test_objects.pacaml

or

Test pacaml built-in objects. */
item createItem( int type, int x, int y)

item 1i;

point p;

p.X = X;

Py =Y;
i.1_type = type;
i.i_point = p;
return i;

ioid main()

player pacman;
item ghostl;
item barrierl;
item giftl;

pacman.p_point = getAvailablePoint();

setPlayer(pacman);

ghostl = createItem(_GHOST, 13,
addGhost(ghostl);

barrierl = createItem(_BARRIER, 8
addBarrier(barrierl);

giftl = createItem(_GIFT, 8 , 9 );

addGift(giftl);
playQ);

5);

, 8);

Appendix C.11 — test_pacman.pacaml

void main(Q)

player pac;
item ghostl;
item ghost2;
item ghost3;
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item giftl;

item gift2;

item gift3;

item gift4;

point pl;
addBarrier(1,10);
addBarrier(2,12);
addBarrier(2,10);
addBarrier(2,8);
addBarrier(2,6);
addBarrier(2,5);
addBarrier(2,3);
addBarrier(2,2);
addBarrier(3,12);
addBarrier(3,10);
addBarrier(3,8);
addBarrier(3,6);
addBarrier(3,5);
addBarrier(3,2);
addBarrier(4,12);
addBarrier(4,8);
addBarrier(4,4);
addBarrier(4,2);
addBarrier(5,11);
addBarrier(5,10);
addBarrier(5,8);
addBarrier(5,6);
addBarrier(5,2
addBarrier(6,
addBarrier(6,
addBarrier(6,
addBarrier(6,
addBarrier(7,
addBarrier(7,
addBarrier(7,
addBarrier(7,
addBarrier(7,
addBarrier(8,
addBarrier(8
addBarrier(8
addBarrier(8
addBarrier(8
addBarrier(8,
addBarrier(9,
addBarrier(9,
addBarrier(9,
addBarrier(10
addBarrier(10,
addBarrier (10,
addBarrier (10,7
addBarrier(10,6
addBarrier(10,5
addBarrier (10,4
addBarrier (10,2
addBarrier(11,9
addBarrier(11,7);
addBarrier(11,2);
addBarrier(12,12);
addBarrier(12,11);
addBarrier(12,9);
addBarrier(12,5);
addBarrier(12,4);
addBarrier(12,2);
addBarrier(13,7);

// set pacman

pl = getAvailablePoint();
print(isPointAvailable(pl));
pac.p_point = pl;
setPlayer(pac);
print(getMapItemName (pl));
// add Gift 1

pl = getAvailablePoint();
giftl.i_type = _GIFT;
giftl.level = _GIFT_KILLER;
giftl.i_point = pl;
addGift(giftl);
print(getMapItemName (pl));
// add Gift 2

pl = getAvailablePoint();
gift2.i_type = _GIFT;
gift2.level = _GIFT_SPEEDUP;

- OORNPAOCORNOORAUVIOR
O |1 R\ R\ NN NN NN O\ N

)
)
)
)
5
D
)
)s
)
Vs
)
)
)

// randomly choose a point

//test isPointAvailable(Point)
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gift2.i_point = pl;
addGift(gift2);
print(getMapItemName (pl));
// add Gift 3

pl = getAvailablePoint();
gift3.i_type = _GIFT;
gift3.level = _GIFT_SLOWDOWN;
gift3.i_point = pl;
addGift(gift3);
print(getMapItemName (pl));
// add Gift 4

pl = getAvailablePoint();
giftd.i_type = _GIFT;
giftd.level = _GIFT_SCORE;
gift4.i_point = pl;
addGift(giftd);
print(getMapItemName (pl));
/ add monster 1

pl = getAvailablePoint();
ghostl.i_ty?e = _GHOST;
ghostl.level = _EASY;
ghostl.i_point = pl;
addGhost(ghostl);
print(getMapItemName (pl));
/ add monster 2

pl = getAvailablePoint();
ghost2.i_type = _GHOST;

ghost2.level = _NORMAL;
ghost2.i_point = pl;
addGhost(ghost2);

print(getMapItemName (pl));
// add monster 3

pl = getAvailablePoint();
ghost3.i_type = _GHOST;
//ghost3.level = _HARD;
ghost3.i_point = pl;
addGhost(ghost3);
print(getMapItemName (pl));
//start

playQ;
3

Appendix C.12 — test_while.pacaml

/* Test the while statement. */

void main()

int 1i;

i=0;

?h11e( i<10)
print(i);
T+

}
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Appendix D — SVN Log

ré7 | sogalll3 | 2011 12 22 04 49: 48 0400 (ThtD@ZZOll) | 1 line

test case updated

ré6 | sogalll3 | 2011 12 22 04 19: 40 0400 (ThtD@ZZOll) | 1 line

print point, point operators

ré5 | sogalll3 | 2011 12 21 22 40: 45 0400 (WedD@iZOll) | 1 line

datatype string bug fixed; comment done

ré4 | sogalll3 | 2011 12 21 05 50: 04 0400 (WedD@iZOll) | 8 lines

1. test case done
2. print("thisisstring”) done; A string cannot caint space

3. not equal bug fixed

ré3 | sogalll3 | 2011 12 21 04 24 37 0400 (WedDmZOll) | 1 line

error message checked

ré2 | sogalll3 | 2011 12 21 03 50: 34 0400 (WedDmZOll) | 1 line

rél | sogalll3 | 2011 12 21 01 46: 45 0400 (WedDmZOll) | 1 line

rename to .pacaml

ré0 | sogalll3 | 2011 12 21 01 45: 02 0400 (WedD@iZOll) | 1 line

rename

rs59 | cck73823@gmall com | 2011 12 20 20 35 190604we, 20 Dec 2011) | 1 line

add random points:317
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r58 | sogalll3 | 2011-12-20 20:22:18 -0400 (Tu®&n2011) | 1 line

gift color fixed

r57 | sogalll3 | 2011 12 20 20 18: 44 0400 (Tué)aﬂZOll) | 1 line

check number of items. should be less then 169.

r56 | sogalll3 | 2011 12 20 19 54. 28 0400 (Tué)aﬂZOll) | 1 line

change gift color and type of glft

r55 | sogalll3 | 2011 12 20 19 03: 13 0400 (Tué)aﬂZOll) | 1 line

bar index fixed

r54 | cck73823@gmall com | 2011 12 20 19 01 43004we, 20 Dec 2011) | 1 line

add bar into map

r53 | sogalll3 | 2011 12 20 15 45: 38 0400 (Tu@é&DZOll) | 1 line

item radius int to float

r52 | sogalll3 | 2011 12 20 15 02: 46 0400 (Tu@é&DZOll) | 1 line

reset myclass item radius and duration

r51 | sogalll3 | 2011 12 20 14 59: 26 0400 (Tu@é&DZOll) | 1 line

update gift radius and duration

r50 | cck73823@gmall com | 2011 12 20 14 10 57 60dwe, 20 Dec 2011) | 1 line

add exit in game_over

r49 | cck73823@gmall com | 2011 12 20 13 50 25004we, 20 Dec 2011) | 1 line

add giftssvn up

r48 | sogalll3 | 2011 12 20 06 40: 32 0400 (Tué)aﬂZOll) | 12 lines

1. point: not used as reference. the value of atain
be changed and reassign to another item or playe

2. add a new function "addBarrier(int x, int y).Hi$ function
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is provided for easily adding barriers.
3. The difficulty level: _MEDIAN has been changed NORMAL

4. all the functions defined in the language mamwalimplemented.

r47 | sogalll3 | 2011 12 20 04 18: 02 0400 (Tué)aﬂZOll) | 1 line

function getAvaiIabIePoint() done

r46 | sogal113 | 2011-12-20 02:36:06 -0400 (Tuaemzon) | 1 line

random color fixed

r45 | sogalll3 | 2011 12 20 02 33: 57 0400 (Tué)élﬂZOll) | 1 line

function isPointAvailable done

r44 | sogalll3 | 2011 12 20 02 26: 08 0400 (Tu@é&DZOll) | 1 line

point range updated

r43 | sogalll3 | 2011 12 19 16 53: 21 0400 (MOI‘D&@ZOll) | 1 line

check duplicate points

r42 | sogalll3 | 2011 12 19 16 27: 23 0400 (MOI‘D&@ZOll) | 1 line

scanner update

r41 | cck73823@gmall com | 2011 12 19 16 23 430040on, 19 Dec 2011) | 1 line

ghost level

r40 | cck73823@gmall com | 2011 12 19 15 56 47 004Mon, 19 Dec 2011) | 1 line

combining

r39 | sogalll3 | 2011 12 19 12 28: 30 0400 (MorD&@ZOll) | 1 line

update global map

r38 | sogalll3 | 2011 12 19 04 59: 32 0400 (MorD&@ZOll) | 1 line
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readme and makefile updated

r37 | sogalll3 | 2011 12 19 04 50: 02 0400 (MorD&@ZOll) | 1 line

global var

r36 | sogalll3 | 2011 12 19 02 10: 10 0400 (MorD&@ZOll) | 1 line

interpret

r35 | cck73823@gmall com | 2011 12 19 00 40 230040on, 19 Dec 2011) | 1 line

eat dots./compile_and_run.sh

r34 | cck73823@gmall com | 2011 12 19 00 36 06 604A@on, 19 Dec 2011) | 1 line

modify myclasses add setGlfts(LIST)

r33 | CCk73823@gmaII com | 2011 12 18 23 37 180604un, 18 Dec 2011) | 1 line

test_run

r32 | cck73823@gmall com | 2011 12 18 20 30 300604un, 18 Dec 2011) | 1 line

modify myclasses

r31 | cck73823@gmall com | 2011 12 18 20 30 2500&un, 18 Dec 2011) | 1 line

using mainMap with seprate lists

r30 | CCk73823@gmaII com | 2011 12 18 20 19 56 604un, 18 Dec 2011) | 1 line

using mainMap with seprate lists

r29 | cck73823@gmall com | 2011 12 18 20 15 32004un, 18 Dec 2011) | 1 line

modify myclasses

r28 | cck73823@gmall com | 2011 12 18 20 10 1200@un, 18 Dec 2011) | 1 line

using mainMap with seprate lists

r27 | cck73823@gmall com | 2011 12 18 20 10 020604un, 18 Dec 2011) | 1 line

modify myclasses
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r26 | cck73823@gmall com | 2011 12 18 20 06 15060@un, 18 Dec 2011) | 1 line

modify myclasses

r25 | cck73823@gmall com | 2011 12 18 19 58 51 604@un, 18 Dec 2011) | 1 line

using classes

r24 | cck73823@gmall com | 2011 12 18 19 24 050604un, 18 Dec 2011) | 1 line

modify myclasses

r23 | cck73823@gmall com | 2011 12 18 18 07 11060@un, 18 Dec 2011) | 1 line

modify myclasses

r22 | cck73823@gmall com | 2011 12 18 15 45 300604un, 18 Dec 2011) | 1 line

use monster class

r21 | cck73823@gmall com | 2011 12 17 20 00 5500@at, 17 Dec 2011) | 1 line

modify myclasses

r20 | cck73823@gmall com | 2011 12 17 19 56 430048at, 17 Dec 2011) | 1 line

modify myclasses

ri9 | cck73823@gmall com | 2011 12 17 19 56 1800@&at, 17 Dec 2011) | 1 line

modify myclasses

ri8 | cck73823@gmall com | 2011 12 17 19 50 2600&at, 17 Dec 2011) | 1 line

modify myclasses

r17 | cck73823@gmall com | 2011 12 17 18 30 33004&at, 17 Dec 2011) | 1 line

change map from list to array

r16 | Vicky.Wenxin. Zhu@gmall com | 2011 12 06 12220-0400 (Tue, 06 Dec 2011) | 7
lines

A lang/compile.ml
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lang/log
lang/bytecode.ml
lang/execute.ml
lang/main.ml

add random monster

r14 | Vicky.Wenxin.Zhu@gmail.com | 2011-12-02 19522-0400 (Fri, 02 Dec 2011) | 6
lines

the following three files work, meaning, parsingpasically done.

lang/ast.mli
lang/parser.mly
lang/scanner.mll

r13 | Vicky.Wenxin.Zhu@gmail.com | 2011-11-30 1125-0400 (Wed, 30 Nov 2011) |
1 line

modified parser

rl12 | sogalll3 | 2011-11-30 03:04:55 -0400 (Wedy@02011) | 3 lines

classes needed for Pacaml

[*what] it runs better... but....

r9 | cck73823@gmail.com | 2011-11-22 10:19:06 -040@, 22 Nov 2011) | 1 line

[*what] make the picman can run.... but....

remove some useless code of show/test.ml
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r7 | cck73823@gmail.com | 2011-11-15 10:40:37 -040@, 15 Nov 2011) | 2 lines

test

show test... please install the library: liblabbglaml-dev

r5 | Vicky.Wenxin.Zhu@gmail.com | 2011-11-09 0184:0400 (Wed, 09 Nov 2011) | 1
line

add class: point

r4 | Vicky.Wenxin.Zhu@gmail.com | 2011-11-08 2228 :0400 (Tue, 08 Nov 2011) | 1
line

print function accepts any string

r3 | Vicky.Wenxin.Zhu@gmail.com | 2011-11-08 2245:0400 (Tue, 08 Nov 2011) | 1
line

Hello World

r2 | Vicky.Wenxin.Zhu@gmail.com | 2011-11-08 224¥:0400 (Tue, 08 Nov 2011) | 1
line

mkdir lang

rl | (no author) | 2011-10-11 10:32:27 -0400 (MwieQct 2011) | 1 line

Initial directory structure.
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